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CHAPTER I. INTBODOCTION 
The earth constitutes a closed system in terms of the 
physical resources available to man. Yet, man in his 
continuing effort to increase his economic well-being many 
times overlooks the long-run implications of his decisions as 
they affect the balance existing within this fixed set of re­
sources. The only outside resource available to help supple­
ment this otherwise fixed supply is energy from the sun. 
This energy is, under present technology, only available to 
man in an economic form after being transformed by members of 
the plant kingdom. Man has developed alternative technol­
ogies to harvest this transformed energy and make it avail­
able for use as food, feed for animals or as a source of 
fiber. The animals are in turn used to generate mobile power 
or are consumed as food. The fiber is usable for clothing, 
paper and many construction materials. The major industries 
associated with the "gathering" of this energy are agricul­
ture, forestry and fishing. Fishing harvests the productivi­
ty of the oceans and waterways of the world while forestry 
and agriculture share the responsibility of managing and 
harvesting the land based capacity of our earth to capture 
the sun's energy. 
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Both forestry and agriculture are dependent on the soil 
and water resources of the earth and until recently have been 
granted what was basically an unregulated privilege to use 
these resources as deemed profitable. This unregulated 
"permit to use" may have developed from the seemingly inex­
haustible supply of land discovered with the opening of the 
new world. But, in the 1900's, even this supply has become 
an exhaustible commodity as an increased world population has 
asked for and is receiving an ever increasing mix of products 
to provide for the "good life." Part of the "good life" 
which technology and the economic system provide include com­
modities which under a longer planning horizon become the ex­
ternal diseconomies or pollutants of the production and ser­
vice sectors. The repercussions of these misdirected prod­
ucts have been brought front and center in recent years by 
the conservationists, ecologists and environmentalists. Hugh 
Bennett, Rachel Carson and Barry Commoner are among the 
pioneers at developing public awareness of the possible ef­
fects of disregarding the management of these secondary prod­
ucts produced under the present systems of managing the 
earth's resources. Bennett was a leader in the field of soil 
conservation in the late 1940's and the 1950's (10). Carson 
provided the public with many facts and documentations con­
cerning the possible misuse of many of the pesticides which 
have become almost essential to the present agricultural pro­
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duction system (14). And, Commoner set down many observa­
tions for the public concerning the potential effects of 
misusing the water and air resources of our earth (15). 
Given that in our free enterprise economy the market system 
is supposed to allocate the resources, be they desirable or 
undesirable, why has it not functioned in the cause of 
protecting the environment? 
The Economic System and the Environment 
Most discussions concerning alternatives to improve the 
environment center around the problems of resource allocation 
and income distribution. Protecting or improving the envi­
ronment implies some reallocation of resource use patterns as 
the system adjusts and begins to internalize many goods which 
previously were considered waste and not included in the 
economic system. In many instances the failure to internal­
ize these goods resulted as their disposal into the environ­
ment was relatively costless. Proponents of the environmen­
tal view, by asking that these products become internalized, 
have caused an imbalance in what originally had become an 
"equilibrium" approximating process. Internalizing these re­
sidual goods requires the individuals involved to reevaluate 
their alternatives and reallocate their available resources 
until a new "equilibrium" position is approached. In order 
to move from the present state toward the new equilibrium, 
the market system must have some indication of the value the 
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proponents of environmental improvement place on their 
convictions. Then, with the technologic base available and 
the indicators of the change in human preference the economic 
system can proceed to reallocate resources and, in doing so, 
alter the income distribution in favor of processes involved 
in the production of a pollution free product. 
Eçonojniç_efficiencj[ 
The economic system consists of two groups each working 
to advance their individual desires while interacting with 
the other group. The groups consist of the consumer or user 
of goods and the producer or provider of goods. The consumer 
is economically efficient when he is receiving the maximum 
level of satisfaction from his income given the prices of the 
goods he desires. Efficiency in production occurs when the 
producer is maximizing his profit given the selling price for 
his commodity and the prices which he must pay as a consumer 
in his production input sector. When resources are allocated 
efficiently among all producers and goods are allocated among 
consumers, then equilibrium of the system exists and neither 
the consumer nor the producer has any incentive to alter his 
economic situation. 
Economic efficiency may not exist in a situation where 
environmental action is needed. The environmental concern 
may represent a misallocation of resources indicating that 
the system is not allocating its factors consistently with 
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the indicated prices or some one of the participants 
misinterprets the market associated with some of the re­
sources or products in their system. The solution to the 
perceived problem may require some level of resource 
reallocation with some employers finding themselves suddenly 
with resources no longer available at the historic price, 
while other employers now find that a product which previous­
ly was not an economic good has become a cost in their pro­
duction process. The alternatives available include a 
reallocation such that the production of the good causing the 
environmental problem is reduced to where the intensity of 
production no longer causes a problem or reallocation of re­
sources used such that resources from other uses are incorpo­
rated to supplement the continued production of the involved 
good at its former level. Which of these alternatives is 
chosen will be determined by the values which the partici­
pants assign to the resources being shifted and to the prod­
ucts utilizing the resources. 
The above allocation proceeds on the basis of a complete 
understanding, perfect knowledge, of all interactions and re­
actions by all involved individuals. If this is the case, a 
new equilibrium with efficient allocation of resources is 
easily obtained. However, in most cases the reallocation 
does not occur under a state of perfect knowledge. The pro­
duction function which represents the transformation of 
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inputs into products, in some cases, does not measure the 
total product as noneconomici residual elements are 
discharged in conjunction with the production of the desired 
goods. The problem of imperfect knowledge may also exist in 
the producers perception of what the consumer is requesting 
leading to a mix of output which does not contain the proper 
proportion of goods. 
Nonmarket values 
Part of the misinterpretation of the economic messages 
arises because of the imperfect definition of the market. 
Many times the market operates while receiving inputs not 
readily measured in terms of the price system. These 
nonprice reflective inputs constitute the public's esthetic 
and religious values, their sense of well-being and their in­
dividual interpretations of freedom and ownership rights. If 
the nonmarket inputs are directly associated with another re­
source, the economic system can soon incorporate a mechanism 
to internalize the effects of the previously unaccounted for 
input. However, if the resource is a common property re­
source then internalizing the value of the effect becomes 
more difficult. In most instances, utilization of common re-
i"Noneconomic" indicates a good for which no economic 
market is defined, through which its disposition into a pro­
ductive or residual channel is controlled. 
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sources results in no problem of allocation until the re­
source is fully utilized. Then, some form of rationing or 
economic distribution of the resource must be developed. De­
veloping the rationing mechanism is difficult as little or no 
information is available to indicate the relative value to 
the alternative uses and in some cases, waterways for exam­
ple, there may not exist any clear definition of who has the 
perogative to exclude others or to accept renumeration for 
the use of the resource. The environmental problem thus 
centers around determining a means of quantifying the market 
place so that the common property resources can be employed 
at a level which maximizes human satisfaction from its use. 
Many of the nonmeasurable markets deal with the allocation of 
secondary products from the production process. 
Joint products 
The production process for commodities generally is not 
a single product concern. Most production processes utilize 
a specified number of inputs in the production of a main out­
put, a group of associated lesser yalued but marketable goods 
and some goods which are not marketable and fall into the 
category of residuals or wastes. In many instances, the pro­
ducer must include in his process a mechanism to dispose of 
these unwanted wastes. Much of the environmental concern has 
arisen as a result of the producers taking the most direct 
method of disposing of the wastes. This results in overbur­
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dened waterways or unsightly disposal areas on the land. In 
still other cases, such as concentrated livestock operations, 
the problem arises as water leaches nitrates from the wastes 
into underground wells and pollution results from no direct 
effort on the part of the producer. 
Associated with production is the residual input. 
Inputs which are not completely utilized during the produc­
tion process are many times left to cause problems similar to 
the joint output products. This is exhibited by the drift of 
insecticides and the resulting residues left on the adjacent 
ground and in subsequent links of the food chain. Production 
is not an all inclusive means of complete transformation. It 
leaves unwanted residuals and unuseable or unrecoverable 
inputs which must be accounted for in the total economic bal­
ance which must exist for efficient resource allocation to be 
a reality. Likewise, consumption is not a complete or en­
closed system free of its residuals and misallocation of re­
sources. 
Externalities 
If the production and consumption of a commodity result 
in any influence on the use of resources owned by a third 
party then externalities are said to exist. Externalities 
represent an interruption in the concept of efficiency as the 
total value of the output of the producing activity responsi­
ble for the externality is not properly accounted for in the 
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balance sheet of the market involving the initial process. 
If a market can be created to include the externality, then 
the accounting system will include the total product and the 
efficient allocation of resources determined. 
Incorporating the externality into the market place can 
be accomplished through three levels of action. The first is 
the creation of a supplementary market through which the firm 
producing the residue and the recipient group negotiate for 
compensation, h second means of bringing in the residual is 
to combine the producer and recipient into one decision mak­
ing unit such that the external effect is now accounted for 
in the firm. A third method of incorporating the externality 
consists of the development of some regulatory board to 
oversee the alteration of the cost and returns of the firm 
causing the pollution such that the problem is alleviated. 
Influencing environmental quality 
Actions which will bring forth the deserved changes in 
resource allocation to improve environmental guality mostly 
suggest changes in the incomes of those persons who own or 
control the use of the involved resources. The implementa­
tion of alternative possible remedies depends on the relative 
powers of the affected groups and the economic implications 
of who will have an increase in real income and who will 
suffer a loss. In many instances, the alternatives also sug­
gest a complete change in property rights and since these 
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rights represent the holding of a historic income stream, 
changing these rights alters the income pattern. 
In many instances, the gains are represented by 
nonmeasarable items with values not determined directly in 
the market place while the payments generally involve a 
direct alteration of resource utilization and are valued in 
the market. This situation places the economist in the posi­
tion of trying to value the effects in the market such that 
the cost side is quantified. Once the cost side is quanti­
fied at alternative levels, the problem becomes one of social 
valuation of the gains and the political system must measure 
the social concern and determine which of the alternative 
states society will prefer. This is the alternative followed 
in this study as the role of agriculture in the level of 
gross field erosion is determined and its associated social 
benefits resulting from the maintenance of the productivity 
of land and an implied reduction in the turbidity of the na­
tion's waterways. 
Agriculture and the Environment 
The alteration of resource use in agriculture during the 
last four decades has resulted in an over capacity and a re­
sulting national effort to reduce this capacity. Federal 
programs designed to retire land from production, over 50 
million acres annually, have encouraged increases in the use 
of new technological ideas on the remaining lands as prices 
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have remained at levels encouraging their adoption. The new 
technolgical factors such as chemical fertilizers and pesti­
cides, increase productivity which further aggravates the 
surplus production capacity. Use of the chemicals brought 
with their increased productivity an impact on the environ­
ment which was not forseen. This impact was in the form of 
both a residual input when excess or unused portions of the 
chemicals flow directly into the streams or underground wa­
terways and through altering the production possibilities and 
encouraging a change in use of other resources such that 
fewer rotational systems are used to control insects or 
weeds. This allows for an even more concentrated production 
facility for the row crops which in turn concentrates the ap­
plication of the chemicals in a smaller area. The 
intensified alteration allows more runoff from the land, as 
less of the sod and close grown crops are grown, thus allow­
ing more sediment movement from the land. This sediment not 
only becomes a contaminant in the stream, but it also acts as 
a carrying agent for the fertilizer and pesticide particles 
which have formed a bond to the soil particles. The greater 
productivity of agriculture has provided some environmentally 
beneficial aspects also as the lands removed from production 
are generally the less productive, and in many cases the more 
highly erosive lands. Removing these lands from production 
will reduce total soil loss but how it compares to the total 
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soil loss from the extensive farming patterns previously em­
ployed will depend on the quantity of the highly erosive 
lands removed and on the erosive nature of the lands now more 
intensely cultivated. 
Economic development of agriculture 
The economic development of agriculture combined with 
the expansion of the technologies available to the sector, 
have resulted in an increased outflow of both economic goods 
and resudual or waste goods from agriculture. At an early 
point in the development of agriculture, the farming industry 
relied largely on labor and land with few capital inputs from 
the nonfarn sector. Inputs consisted of energy from home 
grown feeds, power from animals and humans and fertilizers 
from the wastes of the animals and the nitrogen fixation ca­
pacity of legumes. With the advance in economic development, 
capital became a more readily available resource. The in­
crease in quantity of capital combined with its high produc­
tivity altered the labor-capital price ratios from a ratio 
favoring labor, almost to the exclusion of capital items, to 
one which over time has made capital a more and more favor­
able economic input of the agricultural sector. The comple­
tion of the settlement of the land base in American also 
brought about an increase in the price of land altering the 
land-capital price ratios further encouraging the use of cap­
ital. Initially, capital was in the form of power supplying 
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machinery and the related tillage, and harvesting equipment. 
Over time, the capital related inputs included higher refined 
sources of fuel, chemical fertilizers, pesticides, feed addi­
tives and many other purchased inputs. Figure 1 indicates 
the relative changes in some farm inputs over the past two 
decades and Figure 2 gives an indication of the changes in 
their relative prices. These price changes make it rather 
obvious why the capital inputs have become so attractive. 
Technological advance and economic development have al­
tered the relative prices of agricultural inputs and the rel­
ative prices between the inputs and outputs and consequently, 
a shift in the level of efficient resource allocation. Chem­
ical fertilizers and pesticides from the nonagricultural 
sector have lower prices than those previously produced on 
the farm from legumes or livestock wastes. The reduction in 
the use of legumes for their nitrogen value and the reduction 
in grasses for feed as the use of livestock for power has 
been reduced, has allowed a concentration in the production 
of the grain crops. This concentration of intensively 
cultivated crops accelerates the runoff of water and in­
creases the level of gross field loss of sediment. The low 
prices of the chemical fertilizers also have contributed to 
the accumulation of livestock wastes as disposal of these 
wastes on land as an alternative source of the fertilizer el­
ements has become costly. 
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The increase in the use of capital inputs brought forth 
a greater output per acre and the use of feed additives and 
rations containing a more satisfactory balance between the 
nutrients has had an equivalent effect in reducing the total 
quantity of feed required per unit of livestock production. 
Also, improved mobility in the gene pool through artificial 
insemination has increased the trend toward specialized live­
stock breeds which utilize their energy most efficiently 
toward producing a specific output. The increased per acre 
yields and the reduced per unit requirement for intermediate 
uses has allowed a reduction in the total acreage under cul­
tivation (Figure 3). This tradeoff in per unit production 
and total productive capacity is readily reflected in the 
fact that total food production by American agriculture has 
increased over 60 percent during the last four decades while 
the government has withheld over 50 million acres from pro­
duction through their programs developed to control the sup­
ply potential of the agricultural sector. 
National policy and agriculture 
The government programs controlling supply output en­
courage the concentration of agriculture with the parallel 
concentration of the residual and waste materials which are 
exported from the agricultural sector to the water supplies 
or atmosphere. These residuals and waste materials then con-
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tribute to the declining quality of the environment resulting 
in a reduction in the esthetic value received by the persons 
to whom an environment of good quality is important. Cur­
rently, government programs work in two ways to aggravate the 
interaction of agriculture and the environment. First, as 
outlined above, the land retirement programs, where individu­
al farmers are encouraged through cash payments to retire 
land from use, concentrates production on the remaining acres 
as the farmer applies his available resources to maximizing 
his profit from these acres. And secondly, the higher prices 
resulting from the price support aspects of the supply con­
trol programs and the large scale government programs to 
export surplus production through food aid or use this pro­
duction in domestic food programs increases the economic in­
centive for the farmer to use more of the resources. 
Another aspect of public policy has also tended to com­
pound the environmental problem in agriculture. The public 
sector invests in agriculture through its funding of irriga­
tion developments and support for technological research in 
the agricultural fields. These investments tend to increase 
the productive capacity of the fixed resource, land, in agri­
culture. Howe and Easter (32, p. 146) have estimated that 
treasury payments for all O.S. Department of Agriculture 
price support and supply control programs have been approxi­
mately 200 million dollars higher per year due to the 
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publicly developed irrigation lands. Thus, while the govern­
ment is paying the farmer to hold his land from production, 
it is also paying to develop resources which will increase 
the productive capacity of the remaining lands. A similar 
situation holds for monies allocated to agricultural research 
as it likewise increases the productivity of agriculture and 
aggregates the excess supply problem and encourages a more 
intense utilization of the cultivated lands. 
This is not to say that irrigation development and agri­
cultural research are not desirable public policies. Both 
relate to a much longer run view of the capacity of agricul­
ture and the needed planning horizon for development of new 
technologies. In many instances, irrigation developments 
arise as a joint product from an investment in electric power 
production projects or in conjunction with flood control 
structures and society's values may well desire the major 
products, electricity or relief from floods, such that they 
are willing to transfer the value of these services to agri­
culture to the extent required to return the agricultural 
market to a supported level of equilibrium. With similar 
reasoning, society may be willing to transfer income to agri­
culture presently as an insurance against the possibility of 
a technological gap developing in agriculture such that in 
the future as population and/or exports increase the agricul­
tural sector might not be able to increase production to 
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maintain a reasonable consumer price level and sufficient 
quantity of agricultural goods within the period of a short 
run planning horizon. 
An alternative to the present policies described above 
could encourage a less intensive agriculture, by encouraging 
less intensive use of resources per acre, production would 
decline and this would encourage the use of more acres if 
they could be brought into production profitably. Also, 
supplies of the agricultural commodities would decline, re­
sulting in increased prices and increases in farm incomes due 
to the inelastic characteristics of the demand functions for 
farm products.* This in turn would eliminate some of the 
need for acreage control and price support types of programs 
within agriculture. Public policy has for many years worked 
to promote agricultural output through one set of programs, 
agricultural balance and stability through another set of 
programs and to regulate and control the use of the national 
resources employed in agriculture through a third set of pro­
grams . 
Environaental policy in agriculture 
The set of programs regulating the use of the national 
iThe inelastic nature of the demand for the agricultur­
al crop commodities is well known. A description of the 
characteristics is given in Food. Agriculture and Public Pol-
i£I (28) . 
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resources upon which agriculture is based began initially 
over a concern to protect the forested areas of America.* As 
early as 1681, under an ordinance by William Penn, the 
initial expression of societies nonnarket values resulted in 
the protection of forest land to the level where one acre of 
forest was to be left for every five acres cleared. It was 
not until 1891 that Congress acted to control the use of 
lands when it granted the President the authority to create 
forest reserves within the lands remaining in the public 
domain. This same law brought to an end the practice of 
dispersing of public lands as outlined in the Homestead Act 
of 1862. Theodore Roosevelt during his term as President 
from 1901 to 1909 introduced the Reclamation Act of 1902, es­
tablished the Forest Service in 1905 and returned over 200 
million acres to the public domain. The States became in­
volved in the conservation program when the 1908 White House 
Conference of Governors established the national conservation 
commission whose task it was to prepare an inventory of the 
United States natural resources. During the following years, 
laws were enacted dealing with government purchase of private 
land (1911), mineral leasing (1920), water power (1920) and 
wildlife conservation (1920 and 1937). 
*The history of conservation programs is summarized 
from Gustafson, Guise, Hamilton and Ries (22), Chapter 1 and 
Bennett (10), Chapter 1. 
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The initial government branch dealing with conservation 
was the Soil Erosion Service in the Department of the Interi­
or, organized in 1933. Then, the Soil Conservation Act of 
1935 established the Soil Conservation Service in the Depart­
ment of Agriculture. Following these and especially during 
the term of Franklin Roosevelt, government agencies and pro­
grams initiated included: the Civilian Conservation Corps 
(1937), the Tennessee Valley Authority (1933), the Taylor 
Grazing Act (1934) and the National Resources Board (1934) 
whose object was to prepare an updated inventory of the na­
tion's resources. 
The early programs and the concern for the resources of 
our nation centered around protection of the productivity of 
the soil which, in turn, limited the level of on-site damage. 
It was during this period that H.H. Bennett, the director of 
the Soil Conservation Service, and J.N. Darling, a cartoonist 
for the Pes Moines Register, brought America's attention to 
soil conservation. Through his cartoons. Darling put in 
picture his theme "beef steak and potatoes, roast duck, ham 
and eggs and bread and butter with jam on it are being washed 
down our rivers each year in the form of the good rich farm 
topsoil." With equal vigor, Bennett was working within the 
Soil Conservation Service promoting soil conservation with 
such success that in 1955 he was given the title "The Father 
of Conservation." More recently the concern over soil ero­
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sion has shifted from its on-site damages to concern about 
the effect on the uses of the water in which the eroded soil 
is carried. 
The more recent programs concerning environmental prob­
lems and relating to agriculture have consisted of specific 
boards or agencies being given the power to investigate the 
implications of pollution from agriculture, determine if 
there is a cause for action and if so, develop a mechanism 
through which the nonmarket values of society relating to the 
environment can be incorporated into the production system. 
Legislative action has given Colorado, Hawaii, Maine, Massa­
chusetts, New York and Vermont laws regulating the use of 
land. Many of these states have large tracts of land 
remaining in the public domain and also are "enjoying** the 
expanded outdoors trend in vacationing as many urban dwellers 
want "to build a little cabin in the country." Land use 
planning has historically been a state concern but currently 
there are two bills before Congress that would outline feder­
al controls on land use. For a summary of the state and pro­
posed federal laws, see Harl and Timmons (24, Chapter N). 
Public concern over the increased levels of nitrate in 
the water resulted in the formation of the Illinois Pollution 
Control Board in 1971. The charge to this Board was to at­
tempt to quantify the sources of the plant nutrients concen­
trating in the water of Illinois streams. After examining 
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much evidence the Board brought forth a decision concluding 
that there is no factual basis, at that time, to warrant 
imposing any controls on the applications of plant nutrients. 
Such hearings provide an ideal opportunity for the public to 
relate their nonmarket values and for the public to then 
judge if the proposed action will result in improvements to 
the environment which increase their total income, be it 
monetary or psychic, more than the increase in the cost of 
their agricultural bill forthcoming as a result of the re­
stricted productive capacity of agriculture. 
Such an expression of public feeling occurred in Iowa in 
1971 when the legislature established the conservancy dis­
tricts within which soil loss limits were given for all land 
types (36). Through this law the public has decided that the 
increased cost of the altered productive capacity of agricul­
ture is more than offset by the implied increase in the value 
of the environment both with regards to water quality as the 
sediment loads are reduced and esthetics as the development 
of new erosion scars are reduced. The law outlines regula­
tions whereby tolerable levels on soil erosion are determined 
for all soils; what conditions must prevail to allow for the 
soil erosion to be declared a nuisance and the procedure 
through which the nuisance can be eliminated. The law sug­
gests limits on yearly soil erosion in Iowa be limited to 
five tons per acre on nonagricultural and construction site 
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lands and range from one to five tons per acre for agricul­
tural and horticultural lands depending on soil type. The 
law provides a cost sharing alternative for agricultural and 
horticultural lands and a method whereby a violater can be 
forced to comply to the law or be found in contempt of court. 
In this way, the public has determined that not all the cost 
of environmental improvement fall on the resource owner 
reducing somewhat the cost-benefit conflict so often associ­
ated with actions to improve the environment. 
The Soil and the Environment 
The soil has two roles in the environment, one reflect­
ing the productive use of the resource and the second, the 
repercussions of the misuse of the resource. Productive 
lands providing food and fiber form the basis for the desir­
able use pattern for soil while soil particles moved into a 
waterway form the undesirable or pollution aspect of the 
soil. Erosion represents the movement of the soil particles 
by water or wind from their desired position to a location or 
a form which reduces the soils capacity to support production 
of the agricultural bill and interferes with the utilization 
of other resources in what would be considered their normal 
pattern. The particles transported by water become sediment 
or suspended soil particles. Erosion is the process which 
concerned the conservationists and others trying to protect 
America's productive lands. Presently, the concern has moved 
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more to the damage caused by the soil particles once they 
reach the waterway. If we agree with Haney's definition 
"pollution is the impairment of water quality with resultant 
significant interference with the beneficial water use" (25, 
p. 10) then the measurement of the pollution characteristics 
of sedimentation is not that some particles are present in 
the water, but rather what is the concentration of the soil 
particles in the water and how does this concentration affect 
water use potential. 
Sediment and water quality 
Oschwald points out many of the interrelationships exis­
ting in the water which are affected by the presence of sedi­
ment (56). Sediment present in water may, depending on the 
concentration, directly affect such water characteristics as 
its turbidity, taste and odor, temperature and abrasiveness. 
Turbidity is the optical property of water that causes 
light to be scattered and absorbed rather than transmitted. 
Factors other than concentration affecting turbidity include 
the form of the particles, be it silt, clay, organic matter, 
bacteria or plankton and the size of these particles and 
their character or configuration. The most common method of 
expressing turbidity is in Jackson turbidity units (Jtu's). 
For public water supplies it is preferred if turbidity is 
visibly absent and most public water facilities have the ca­
pacity to greatly reduce the level of turbidity. Some prob­
27 
lems exist when levels become too high as pressure sand 
filters only work adequately up to 20 Jtu's and in-line 
filters are only satisfactory if turbidities are less than 5 
to 10 Jtu's. In rural areas, turbidity in sprinkler water 
may reduce photosynthesis after depositing a film on the leaf 
or, if severe, may even result in soil deposits in leafy 
plants such as lettuce or cabbage and, subsequently, reduce 
their market value. 
The reduction of light penetration in the water can in­
terrupt the normal process of photosynthesis and result in 
subsequent reductions in the food available at different 
levels of the aquatic food chain. Buck (13) and Swengle (74) 
determined that higher levels of turbidity are associated 
with lower levels of fish production, especially among some 
of the more favored sport fish. These results are caused in 
part by the effect of turbidity on the food cycle, growth and 
spawning and the functioning of the gills of the fish in­
volved, An additional implication is that in waters of high 
turbidity the fish cannot distinguish their prey thereby 
reducing food intake and growth or the artificial lures of 
the sport fishermen resulting in greatly reduced catches. 
Taste and odor of water may be changed by altering the 
relative concentrations of clay particles in the water (68). 
However, taste and odor are more directly associated with 
dissolved minerals and the algae rather than suspended sedi-
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ment. Another factor affected by the amount and concentra­
tion of the particles is the abrasive effect of the sediment 
in the water. It generally does not affect organisms unless 
complications from other pollutants affect the ability of the 
organisms to secrete protective mucus. The major area of 
concern connected to abrasion is with regard to increased 
maintenance costs for electric power generating equipment and 
wear on the public water treatment facilities. 
Soil particles possess the ability to take up and hold 
applied substances and then release the substance at a later 
time as chemical conditions change. Substances such as 
ammonium nitrogen, phosphorous, and potassium fertilizers and 
many of the chemical pesticides are attracted by the soil 
particles and fixed in a form such that they become less 
available to plants or the pests at which they were directed. 
These substances can be transported in this bound position 
as the soil particles are eroded from the field and can be 
released later at a new location as chemical conditions 
change. 
Probably the most noticeable effect of sedimentation, by 
the public, next to the turbidity in drinking water is the 
gradual filling of their favorite lake as the sediment is de­
posited along the mouth of the river and on the bottom of the 
lake gradually making it smaller and more shallow. The 
degree to which sedimentation occurs is related to many fac­
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tors associated with the energy balance o£ the stream. Each 
stream, depending on its energy balance, will require and 
support a certain level of suspended sediment and dams or 
lakes which alter the energy balance, cause the carrying ca­
pacity of the water to change and the supportable sediment 
load changes. In the case of lakes or dams, sediment is de­
posited as the water slows and in steeper areas of the stream 
only large rocks are left on the creek bed and bank as the 
water scours the bank to fulfill its increased sediment 
carrying requirement. 
Sources of sedimentation 
The process of sedimentation includes the loss of soil 
from the field, the delivery of some of this soil to the wa­
terway and the transport and deposition of this soil in the 
waterway. Sediment sources include all lands and waterways 
with each having a different capacity to provide sediment. 
Natural lands which have not been disturbed by man exhibit 
erosion at various levels depending on the type of soil, the 
vegetative cover and the rainfall characteristics. Once the 
land use pattern is altered from its natural state the poten­
tial for an increase in sediment production exists. Activi­
ties such as livestock grazing, cultivation for different 
crops and construction, all result in increased sediment pro­
duction within the watershed. Complete urbanization may 
cause a reduction in soil movement as the surface is gradual­
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ly covered with homes, paved roads, parking lots and dense 
grass. The above sources of sediment are associated with the 
sheet and rill erosion of the land surface. Further sediment 
yields are obtained from gully, streambank and channel ero­
sion. These three sources of sediment are largely affected 
by the physical and chemical attributes of the receiving wa­
terway. If practices were implemented to halt sheet and rill 
erosion, an underload condition would develop in the stream 
and the water would begin to eat away at the banks or channel 
bed to regain its "natural carrying capacity," 
Sediment yield from cultivated lands varies but is 
highly correlated to the intensity of cultivation and the 
amount of excess moisture in an area. Rainwater developed a 
mapping of the Dnited States indicating the concentration of 
sediment in the rivers as determined from the extensive work 
of the O.S. Geological Survey (58). Stall has estimated sed­
iment yields using this map and the annual runoffs (68). The 
data generated indicate that most of the United States exhib­
its less than one ton per acre per year soil loss with areas 
of severe sediment yields in the Mississippi River highlands, 
the Mississippi River Valley in the Missouri and Illinois 
area and the southwestern Iowa, northwestern Missouri area of 
the Missouri River Basin. The only area in the western U.S. 
with historically severe levels of sediment yield is in 
northwestern California. The remaining areas of the East and 
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South with high levels of excess moisture, have large amounts 
of the land covered with forest land or grasses which reduce 
erosion and give low regional averages. The Mississippi and 
Missouri areas outlined by stall have high levels of runoff 
and are also cultivated intensely with a high proportion of 
the land in row crops which provide limited protection from 
erosion for the soil. In the Upper Mississippi River Basin, 
including parts of seven states, estimates indicate that ero­
sion by wind and water is depleting over 25 million acres of 
land per year (75) . 
The contribution of the alternative sources of soil par­
ticles to the sediment load is affected by the crop cover, 
the amount of runoff and the inherent energy capacity of the 
particular stream. Glymph has studied 113 watersheds 
throughout the nation and he has found that the percentage of 
all sediment coming from sheet erosion has ranged from 11 to 
100 percent (21). He found that in over half the watersheds 
studied at least 90 percent of the sediment was from sheet 
and rill erosion and that 80 percent of the watersheds stud­
ied derived over 50 percent of their sediment from sheet and 
rill erosion. The watersheds with the lower percentage con­
tributions from sheet erosion were in the arid areas where 
runoff was low and cropping patterns are not as conducive to 
erosion. The high proportion of sediment from sheet and rill 
erosion in the humid areas has been supported by the work of 
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Stall in Illinois (68), the comprehensive River Basin Study 
for the Upper Mississippi (75) and by Miller et al. in 
Mississippi (48) . 
The Corps of Engineers report gives an indication of the 
severity of sediment yields for the Upper Mississippi River 
Basin (75). The data indicate approximately 6.4 percent of 
the basin presently has a tolerable level of sediment yield 
while 27 percent has a yield between tolerable and twice the 
tolerable level.i In the River Basin, the data indicate that 
about three-tenths of one percent of the land presently has 
sediment yields in excess of 12 times the tolerable level. 
Sediment yields affect the quantity of sediment getting into 
the stream and once there, the amount carried and the damage 
resulting is determined by the use to which the water is put 
and the energy balance of the stream. 
Damage from sediment 
As indicated earlier, sediment in water increases the 
problems associated with using the water. Larger and more 
extensive water treatment plants and alternative uses may 
have to be developed if water consistently has an increased 
sediment load. Some of the direct costs to society of sedi-
* A tolerable level of sediment loss is one which allows 
for use of the land and still maintains its productivity 
given present production possibilities. 
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mentation include the loss of soil productivity as the soil 
is eroded; deposition in drainage ditches and channels, caus­
ing increased frequencies of floods and more extensive 
dredging operations to keep the waterway open; an adverse ef­
fect on the growth and reproductive capacity of many species 
of fish; the loss of recreational facilities for swimming, 
boating and fishing; increased requirements for water treat­
ment and abrasive action on the blades of electric turbines. 
Sediment also has the capacity to transport many of the chem­
icals used in controlling plants and insects and these chemi­
cals then become concentrated in the waterway food chain as 
the changing chemical conditions breakdown their bond with 
the soil particles. Finally, some damage is also caused by 
sediment films being deposited on the foliage of plants dur­
ing flooding or irrigation, and this film impairs the normal 
photosynthetic process or degrades the product value (soil 
particles in head lettuce as an example). 
In 1955; Bennett estimated the national cost of damage 
to soil productivity at not less than 500 million dollars per 
year, the damage to bays and the wildlife and fishing indus­
tries at not less than three billion dollars per year and the 
cost of reservoir filling and channel clogging to be near 500 
million dollars annually (10, pp. 16-18). In the Upper 
Mississippi Biver Basin damage from sediment is estimated at 
25 million dollars with gully erosion costing 1U million 
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dollars and upstream damage from floods over 29 million 
dollars (75, pp. G-19, N-122 and N-123). No estimate is 
given of the direct cost of sheet erosion as it reduces the 
value and productivity of the lands in the basin. 
Stall (68) evaluated the value of the loss of soil pro­
ductivity as a result of sheet and rill erosion in the nation 
at 800 million dollars annually. The criteria used to calcu­
late this cost was the value of the plant nutrients lost from 
the fields. He also estimated the damage from sediment to be 
near 252 million dollars not valuing any of the losses as a 
result of interrupted recreational uses of the waterway or 
adjacent lands. Of this total of 252 million dollars, 
dredging of harbors and channels accounted for 83 million 
dollars per year, 50 million dollars per year was for sedi­
mentation in reservoirs and outwash on the floodplain, 
removing turbidity from the public water supply cost 1U mil­
lion dollars per year and added maintenance for roads, 
hydroelectric turbines and water systems cost another 11 mil­
lion dollars annually. With these large costs associated 
with the presence of sediment in the water, concern is devel­
oping anew to reduce soil erosion and control the quantity of 
sediment in the streams. 
Sediment control methods 
The majority of sediment in the waterways originates 
from sheet and rill erosion of farm lands and alternative 
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measures are available with present technologies to control 
the quantity of soil lost through this channel. Stall (69) 
has documented cases where the implementation of a soil con­
servation program has substantially reduced the sediment load 
of the waterway. One example was Fairfield, Iowa. Here the 
sediment level in the city's reservoir was measured and then 
a large scale effort at soil conservation implemented in the 
watershed. The effectiveness of the program was shown as 
later measurements indicated a reduction in reservoir sedi­
mentation (the rate of filling with sediment) of 73 percent. 
The lowest rate of sedimentation reduction documented was 28 
percent as the intensity of land use in the drainage basin 
affected the sedimentation rate. 
Techniques available to control sheet and rill erosion 
on farm land include alternative crop tillage practices or 
land treatment practices. The crop tillage practices in­
clude: altering the time of tillage to have the surface less 
exposed during normal high runoff periods, altering the 
degree of tillage by implementing alternative minimum tillage 
practices, controlling the quantity of residue remaining on 
the field prior to tilling and altering the length of rota­
tion utilized such that the rotations include a higher pro­
portion of the close-grown and sod crops which are less sus­
ceptible to erosion. 
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Once the soil particles have left the field the conser­
vation practices must shift to attempts at controlling the 
energy level of the stream and thus its carrying capacity. 
Altering the carrying capacity of the stream can be accom­
plished through shaping the waterway to prevent straight 
through flows, control structures to reduce the gradient of 
the stream or river, or for small waterways incorporation of 
grasses along the bed to prevent rapidly flowing water from 
developing gullies as the surface soil is removed. These 
practices are not directly associated with the production on 
agricultural lands and will not be included as alternative 
control measures in this study. Studies presently underway 
to supplement this model will provide the possibility of in­
cluding these structures and removing the total burden of 
sediment load control from the land user. 
The control measure used on the agricultural lands 
depends on the use for the land, on the degree of control 
desired and on the susceptibility of the land to erosion. 
The use for the land incorporates the above erosion control 
practices and the types of crops. The level of control is 
the variable which the social welfare function must indicate 
as society trades the satsifaction received from the reduced 
level of sedimentation and the change in cost, if any, of 
commodities produced on the land. 
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The additional input of this type of tradeoff must con­
sider any interregional trade-offs as the production patterns 
shift to those lands on which erosion is most easily con­
trolled. The interregional shifts represent trade-offs in 
regional comparative advantage as the farmers adjust to the 
restricted production possibilities. The intraregional 
shifts represent trade-offs between lands which have differ­
ent susceptibilities to erosion and the degree of influence 
of the erosion-related factors. 
Distribution of erosive lands 
The distribution of lands susceptible to erosion is 
given in the National Inventory of Soil and Water Conserva­
tion Needs, 1967 (77). This study was conducted under the 
leadership of the Soil Conservation Service with many other 
government agencies cooperating. This study inventories the 
private land of the United States and classifies each area 
with respect to its present use and the type and degree of 
use hazard most predominant. The inventory covered 1,438 
million acres in the 50 states, of which 30 percent was 
classed as cropland, 34 percent as permanent pasture and 
rangeland and 32 percent as forest land. The remaining U 
percent represents roadways, farmsteads, fence rows and 
marshes. 
The lands are classed from I through VIII, with classes 
I, II and III being suited for cultivation, IV marginal land 
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for cultivation, V wetland lands and classes VI through VIII 
not generally suited for cultivation. In the inventory 58 
percent of the land suited for cultivation (classes I-III) 
was cropland, 18 percent was pasture and 20 percent is in 
forest land. Of the marginally cultivatable lands (class IV) 
28 percent were used for crops in 1967 and in the lands V-
VIII only 4 percent were cropland (77). Each of the major 
classes, except I, is divided into four subclasses indicating 
the dominant soil limitation. Alternatives include suscepti­
bility to erosion, excess water, unfavorable soil features 
and adverse climatic conditions. Class I land was assumed to 
be adequately treated and exhibited no need for further con­
servation practices. 
Table 1 gives the acres of privately owned land by use 
category and grouping of land class and indicates the per­
centage, which is described in the National Inventory (77), 
as having erosion as the dominant hazard. Of the cropland in 
classes I and II, only 40 percent has an erosion problem com­
pared with 60 percent of the cropland in classes III and IV 
and 62 percent in V through VIII. It can be seen also that 
the cropland acreages in the less suited land classes are 
only a small proportion of the total lands indicating that 
farmers tend not to farm their unsuited land. Table 1 also 
indicates that not all land suited for complete or limited 
cultivation is cultivated, as there are over 440 million 
Table 1. Summary of erosion potent ial 
1967.1 
by land class on privately owned lands In 
the United States, 
Land class and 
erosion potential 
Cropland Pasture Forest Other 
1 and Total 
Land l-ll 
(000 acres) 
Erosion dominant problem 90330 22460 2373G 5844 147370 
Total 1 an:! l-ll 223534 47135 62849 12269 345787 
% of total 40.4 44.5 45.7 47.6 42.5 
Land Ml-IV 
Erosion dominant problen 116277 94370 33325 7465 301437 
Total 1 and III-IV 191450 130108 172881 16420 510859 
% of total 60.7 72.5 48.2 45.5 59.0 
Land /-VIII 
Erosion dominant problem 14108 155225 14G418 5067 320818 
Total 1 and V-V111 22600 304634 363378 27528 718140 
% of total 62.4 51.0 40.3 18.4 44.7 
Total all 1 and 
Erosion dominant oroblem 220715 272055 258479 18376 769625 
Total land l-VIII 437534 481877 599108 56217 1574786 
of total 50.4 56.5 43.1 32.7 43.9 
^Source? (77). 
Includes farmsteads, roads and other land not in crops. 
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acres of the lands I through IV which are in the noncropland 
uses compared with the 415 million acres which are cropped. 
Of the 1,575 million acres inventoried there are 770 
million acres or 49 percent which have erosion as their domi­
nant problem. This varies from only 33 percent of other 
lands with erosion problems to 56 percent of pasture lands 
with erosion problems. Cropland and pasture land generally 
have erosion hazards on a larger proportion of the acres in a 
given land grouping than is consistent with the total. The 
act of cultivating or grazing and managing pastures introduce 
situations which increase the susceptibility to erosion and 
increase the likelihood of needing treatment. Given this 
land base and the alternative treatments for erosion, devel­
oping an agricultural production pattern consistent with the 
national goals of sufficient food production and improved wa­
ter quality form the basis for this analysis. 
The Study 
The current study is one in a sequence of studies 
carried out by the Center for Agricultural and Rural Develop­
ment relating to agricultural policy, income and resource 
use. This study is particularly designed to evaluate the 
possible trade-offs in land use and determine what the impact 
of any legislated restrictions on permissible soil loss would 
be in terms of the changes in the production patterns in ag­
riculture and the direct costs to society in terms of prices 
41 
of the agricultural commodities. The model must include the 
proper variables and restraints and be designed so that the 
specified objectives can be met given the set of assumptions 
within which the model is to be operated. 
Objectives of the study 
The study is made to evaluate the impacts, in the agri­
cultural sector, of possible imposed limits on the allowable 
soil loss through sheet and rill erosion of cultivated lands. 
The main question is; can agriculture still produce to meet 
the domestic and export demands of the United States and also 
take part in the improvement of the environment through 
reducing the quantity of soil discharged to the waterways? 
Part of the study includes developing the model capable 
of carrying out the analysis. Such a model must encompass 
the major commodities, resources and interrelationships in 
the agricultural sector. The land, water and other resources 
must be defined in such a manner that they exhibit the char­
acteristics inherent in the interrelationships of the analy­
sis. In this study these interrelationships will center 
around the concepts of soil loss and productivity differen­
tials of alternative combinations of the resource inputs. 
The alternative technologies must be defined representing the 
appropriate production, utilization or transfer alternatives. 
Given the developed model, the objectives then become 
ones of determining the impact of imposed environmental re-
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strictions on the allowable soil loss from croplands. The 
analysis of the impact should include examination at the na­
tional level to evaluate the overall potential and price ef­
fects within the agricultural sector. A further analysis to 
determine any shifts in regional comparative advantage indi­
cating which region, if any, will be affected differently 
than indicated by the national inputs, within each level an 
analysis of the land use patterns, cropping patterns, re­
source use alternatives and the farming practices adopted 
will indicate any shifts in the income and expense picture of 
the farm and farm related sectors. The absolute and relative 
effects are dependent to a large degree on the construction 
of the model, described in Chapter II, and on the assumptions 
used when making the analysis. 
Assumptions for the analysis 
When evaluating a large impact alternative within the 
limitations of a mathematical programming model capable of 
simulating interregional competition, a time horizon suffi­
ciently far in the future must be selected to allow for the 
implied adjustments in technology and interregional shifts in 
production patterns to materialize. So to allow for this re­
quired adjustment time, the year 2000 was selected as the 
base for the analysis. By selecting the year 2000, alterna­
tives defined within the model must be designed consistent 
with projected and expected production alternatives available 
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at that time. In order to allow for a complete optimization 
among the alternatives the model simulates a free market for 
the production of the commodities and purchase of the re­
sources. In this way, changes resulting from an alternative 
environmental limitation will reflect the effect of the limi­
tation and will not be confounded with any interaction re­
sulting from an imposed imperfect market. Technology is 
assumed to change in line with historic trends allowing for 
changes in the feeding rates for livestock, and yields per 
unit of input for the crops. The international trade sector 
allows for increases in imports proportionate to the popula­
tion increase, thus American agriculture will be required to 
provide for the increase in the level of the per capita con­
sumption of the commodities. Exports are treated slightly 
different with levels held equal to the 1969 to 1971 annual 
levels. This sets a base on demand within which the impacts 
of soil loss limitations can be evaluated. In the second 
stage of the study exports are increased and the implications 
of increased demand can be evaluated. A population level of 
284 million persons in the continental United States is used 
for 2000 and the level of per capita income projected by the 
Bureau of Economic Analysis (91) is used in evaluating the 
income effects on consumption. A summary of the models eval­
uated is given in Table 2. There are four models associated 
with the soil loss analysis and a further two with the alter-
native export levels. 
The solutions analyzed represent a finite number of the 
complete set of alternatives which could be considered. It 
is hoped that the initial solutions will allow for the deter­
mination of any trends and trade-offs which need to be exam­
ined when considering controls on the per acre level of ero­
sion. The models will allow for evaluation of the effects of 
the restraints on soil loss separate from changes in the de­
mand level, while the higher export solutions will give an 
indication of increased demand in conjunction with the al­
ready imposed soil loss restraints. 
ïable 2. Level of soil less and exports for the alternative 
models. 
Model 
Her acre 
So 11 loss 
Level 
Export level^ 
A un 1 i iiii ted u3-71 average 
B 10 Tons n 
C 5 Ions II 
D 3 Ions II 
E 5 Tons doub1e by-71 
F 5 Tons triple 5J-71 
^Lxports are adjusted only for the feed grains, wheat and 
soybeans. 
The models will be able to provide insight into changes 
in the cropping patterns, land use patterns and in farming 
techniques indicating which are economically desirable and 
technologically feasible given the implied restraints. In-
45 
eluded in the land use pattern shifts will be the land class 
alternatives and also the shifts between dryland and irrig­
ated agriculture as their relative advantages change. The 
price related effects analyzed include changes in the farm 
level cost of consumer food outlays and changes implied in 
the values for additional units of the resources. 
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CHAPTER II. DELINEATIOH OF THE MODEL 
A model capable of analyzing the major effects of any 
proposed environmental restriction on the agricultural sector 
must be capable of allowing enterprise and regional adjust­
ments. These represent two of the major variables operating 
within the agricultural sector. Individual operators evalu­
ate changes in cropping patterns and livestock operations 
both from the aspect of which crop or livestock operation to 
concentrate their resources on and the guantity of the re­
source to allocate to the operation. Interregional shifts in 
production occur as the regional comparative advantage 
changes, as is indicated by the broiler industry concentrat­
ing in the east and southeast areas; the cattle feeding in­
dustry moving south and west from the Cornbelt and soybeans 
and sorghum grain being introduced in areas where technology 
in the form of agronomic practices, improved varieties and/or 
economic forces have altered the production possibilities 
(95, 96). 
The basis for an interregional model is the definition 
of a set or number of sets of regions consistent with the 
characteristics used to describe the resources, production 
possibilities or form of interregional interaction desired. 
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Within the appropriate regions defined restraints are imposed 
on interactions between resource availability and use and 
commodity production and requirements (demands). Also, ac­
tivities representing alternative production possibilities, 
resource transformations and commodity transfers delineate 
the possible utilization of the resources and production of 
the commodities subject to the aforementioned restraints. 
The model developed for this analysis uses five regional de­
lineations, three of which are operational in the model. It 
incorporates restraints on the availability of cropland by 
quality class, permanent hay or pasture, water, nitrogen use 
for fertilizer and on regional demands for the crop and live­
stock commodities, A restraint imposed exogenously to the 
model initially screens all crop production activities 
eliminating those activities which develop a soil loss above 
the allowable upper limit. Besides crop production, other 
activities define the possibilities for livestock production, 
fertilizer and water purchase, demand generation through pop-r 
ulation, industry and international trade activities, the 
transfer of resources or commodities between regions and re­
quirements for the resources for uses exogenous to the model. 
A sector and restraint group delineation of the above im­
plied interactions considered in the analysis is given in 
Figure 4. 
»-i eg CO 
<M 
*0 T» tJ <U G G Gro 
•r4 «H "H CO 
W 
«a LO .a 
0 G c w I—* r—4 f—t C3 O. O4 O. 4J 
o o o c 
a a 0.1-1 
CM CM 
<1> ,i«5 JiS 13 -U -U CO (O CO 
M > > 
G 00 00 
^ S s 
•r4 0) 0) 
1-) cNj n a 
CM t-H 
I I 
r-l pg en 
CO 
D. C O TJ M O 
u n 
c a 
•o TJ 4<! 
o o u 
w k o O. O. O. 4J 
00 00 o, o, a. 0) 
8 8 2 8 8 a 
<U 0) U U U >-4 
t-ICMCOr-ICMCOt-ICM 
• • » k k _ UU4J4->4J(U(UR^}^ O O k W W t l t l O W W  4J 4J (U (U <U to CO 
0) (U (U <1> s 
> > B 1 - I * H 3 3 3 3 3 W C O O  
r4 ,0 ,0 ^  ,0 ,0 & U (j 
i-< CM CO 
_ - . iJ 4J 4J 
•U<WPuP.COCOO)^^>, i-iiacocacacocoratoco 
~ p. o. Ou^c J3 JS o c c c 
^ CO CO CO 
H B  
. 2 
s g 
B B  
8 8 
I I 
i i  
Cropland 1i 
Cropland 2 i 
Cropland 3 i 
-
— a 
- a 
Pasture 1 - - + ^ 0 
Pasture 2 
- - + ^ 0 
Pasture 3 1  _  
1 
- + ^ 0 
Water 1 
-
! 
1 - - - - + - - - - m  0  
Water 2 
- — 
1 
! - + + - - - - 5 0  
Fertilizer 1 + - + + &  0  
Fertilizer 2 + + + s  0  
Fertilizer 3 
-
+ + m  0  
Commodities 1 
— — + + + + + - + + + s  0  
Commodities 2 
- + - + + + - + m  0  
Cost 
i  
0  
Ij 
This represents the acreage of land in class i in the producing area. 
Figure 4. Interactions within the agricultural related sectors 
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The expanded model as employed in this analysis included 
4,386 restraints and commodity regulatory equations and 
26,768 activities. It is solved such that a minimum cost ag­
ricultural bill is determined subject to the restraints and 
defined activities. The definition of the specific re­
straints and activities, their interaction and their 
quantification are discussed in the sections which follow and 
in the indicated Appendices. 
The Regions Used 
In completely defining the workings of the model, five 
separate sets of regions are incorporated. The first repre­
sents regions within which the data base is defined; the sec­
ond, the areas within which the production activities are de­
fined; the third, the regions detailing water availability 
and transfer possibilities; the fourth, the areas within 
which the markets are defined and the fifth, the regions into 
which the results are aggregated for reporting. 
The_aata_regions 
These regions represent many sets of political and geo­
graphic areas within which data is tabulated by the collect­
ing agencies. They include the counties and states of the 
continental United States within which census and commodity 
production data are tabulated. An additional set of regions 
included in this group is the county approximations of the 
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major land resource areas as used for data colection by the 
Soil Conservation Service, U.S. Department of Agriculture, 
Figure 5. These regions divide the land in the continental 
United States into 156 areas based on soil type and manage­
ment characteristics. It is from these regions that the data 
used in calculating the soil loss by alternative cropping ac­
tivities is developed. 
Sets of weights based on relevant data relationships are 
used to transfer data from the regions in which they are ob­
tained into the common resource or producing areas where the 
data are used in the model or in combination with other data 
to generate coefficients to be used in the model. 
The producing areas 
Figure 5 illustrates the 223 producing areas defined in 
the model. These areas are based on county approximations of 
the Water Resource Council's 206 subareas (100) modified to 
be consistent with the water supply regions and the market 
regions. Each producing area is an aggregation of contiguous 
counties contained in a watershed draining to a common water­
way. The producing areas represent the regions in which crop 
and livestock production activities and the land by quality 
class, pasture and nitrogen balance restraints are defined. 

Figure 6. The 223 producing areas 
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The water supply regions 
Fifty-one water supply regions define the areas in the 
17 western states where water supplies are determined in the 
model. Figure 7. These regions are an aggregation of contig­
uous producing areas within which a water supply can be said 
to exist. The subdivisions of the 18 major river basins of 
the Water Resources Council form the basis of these regions 
(100) . 
The market regions 
Contiguous producing areas are aggregated into major 
marketing areas of the united States to give the 30 market 
regions for the model. Figure 8. It is within these regions 
where the market balance restraints are defined for the major 
commodities analyzed. The regions also have as their market 
center a city which serves as a hub in the existing national 
transportation network. The commodity transfer section of 
the model uses these centers as points between which commodi­
ties are moved as the model adjusts its production pattern to 
account for each regions comparative advantage. 
Activity and Resource Restraint Coefficients 
Activities, in the context of this linear program, serve 
as the mechanism whereby production alternatives, commodity 
utilization and transfer systems are incorporated into the 
Figure 7. The 51 water supply regions 
Figure 8. The 30 market regions 
Ln 
ui 
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model. In economic terms, activities are used to simulate 
the demand and supply possibilities of the commodity and re­
source markets which the model then converges to an equilib­
rium. The commodities included in the model are: the grains 
barley, corn, oats, sorghum, soybeans, and wheat (both total 
and spring); the cash crops cotton and sugar beets; the 
roughage crops legume hay, nonlegume hay and silage and the 
livestock products feeders, fed beef, milk products, nonfed 
beef and pork.i The resources restraining the model include 
land by erosion class, pasture, nitrogen fertilizer and water 
as well as the previously listed commodities which serve in 
whole or in part as intermediate resources in the production 
of the final demand commodities. Returning to Figure 4, 
those interaction squares with subtraction signs indicate 
withdrawals or demand creating interactions and the addition 
signs indicate production or supply creating interactions. 
This section outlines each of the major interaction groups, 
describes the assumptions surrounding each and indicates how 
they interact with the other sectors. The initial three 
groups are, in general, demand generating; the next two 
groups commodity production alternatives, then a group for 
resource availability, and finally the transportation and 
lAll commodities except spring wheat, cotton and sugar 
beets are balanced at the market area level, with these three 
exceptions having national markets. 
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transfer group of activities. 
The population and industry activities 
This group of activities represents the interaction of 
the consumer and manufacturing sectors of the economy with 
the agricultural sector. One activity is defined for each of 
the producing areas and is of the form L(i)<N(i), where N (i) 
is the level of population activity in producing area i and 
L(i) is the lower limit on the activity level set at a limit 
consistent with the Bureau of Economic Analysis*s population 
projections for the area (91).i Each activity indicates the 
guantity of each of the commodities reguired to meet the de­
mands of the producing area. Combining the appropriate 
subset of these activities develops the market regions de­
mand. A second aggregation of the population-industry activ­
ities develops the water requirements for municipal, indus­
trial and recreational uses by water supply region. 
Per capita commodity demands are developed at a national 
level of per capita commodity use by producing area. Table 3. 
The per capita water use coefficients are developed by water 
supply region and are assigned equally to all producing areas 
within the water supply region. The lower bound on the activ­
ity drives the demand up to the minimum level required. Dif-
lA 2000 population level of 284 million people in the 
continental United states is used for this study. 
Table 3. Projected per capita consumption levels for the connodities in the 
year 2000. 
Commodity Consumption Commodity Consumption 
Corn 1. 20 bushel 5 Fed beef 108 lbs carc v/t. 
Sorghum Q. 05 bushel s Monfed beef 51 lbs carc v;t. 
Wheat-total 2. 58 bushel s Da i ry products h  .04 cut.mi Ik eq. 
Wheat-sprin% 0. 52 bushel s Pork 68 lbs carc wt. 
Oats 0. 22 bushel s Broilers^ 40 lbs r e a d y  to cook 
Barley 0. 58 bushel s Turkey^ 9 lbs ready to cook 
0 iImeal 0. 09 cv/t. 9  Lamb & mutton" 3 lbs carc v/t. 
Lint cotton 12. 0 pounds 2 207. 5 e%%s 
Sugar beets n. 11 tons 
Oilmeai requirement reflects an adjustment for the high protein grain by­
products provided from the milling of the per capita equivalent of the other 
grains. 
I^v'ot used directly in the population-Industry activities but used in conjunc­
tion with the population to determine the level of commodity demand and the re­
source use by class of livestock in the exogenous livestock sector. 
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fecent population levels reflecting a change in total number 
of persons or a change in regional distribution of the given 
population are reflected in a change in this lover limit on 
the areas production activity. In this way the population 
related level of demand within the market region is 
adjustable to changing assumptions. 
An additional set of activities, closely related to the 
population-industry activities, generates a demand for water 
in each of the 51 water supply regions to reflect the in­
creased demand for water for navigation, wetlands and other 
onsite water consuming activities. The onsite demand for wa­
ter reflects a use over and above the level in 1969, as the 
1969 level of use is not part of the calculated available 
supply. 
International trade 
This sector of the model adjusts the commodity demands 
to reflect the foreign trade aspects of agricultural eguilib-
rium. For the base model trade of all commodities is held at 
a level equal to the 1969 to 1971 annual average net trade. 
Table U. The level of trade for those commodities whose pro­
duction and demand are determined exogenous to the model (for 
example, broilers, turkeys and eggs) is accounted for by 
adjusting the projected per capita requirements of these 
goods by an amount equal to the 1969-1971 per capita net for­
eign trade. 
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Table k. ;et foreign trade of the commodities used for the 
year 2000. 
Conmodity Import Lxport 
-orn G2G,353 thou. bu. 
aorghu^ 120,666 thou. bu. 
Larley 43,660 thou. bu. 
Oats lu,173 thou. bu. 
..'heiit c58,71y thou. bu. 
u 11 t.iea 1 s 276,407 thou. cwt. 
uotton 3,306 thou. bales 
Seef 22,453 thou. cwt. 
rork 3,3i}j thou. cwt. 
Dairy products 4,661 thou. cw t. 
Bro ilers 2'j5,415 thou. cw t. 
Turkeys 44,162 thou. cw t. 
GC,ôbd thou. doz. 
theep and lamb 1,047 thou. cwt. 
^tiltneals are expressed as soybean oilmeal equivalent 
exports of both meal arid soybeans. 
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The export demands for the commodities corn, sorghum, 
barley, oats, wheat and oilmeals are allocated to the market 
regions proportionately to the average exports of each com­
modity from the ports in the region over the 1967-1969 period 
(75, 75, 77, 78). For commodities which have a net import 
balance the total import is allocated to each market region 
proportionate to the projected population. 
The two solutions in the expanded export analysis cover 
the implications of increasing exports of corn, sorghum, 
barley, oats, wheat and soybeans to levels equal to twice the 
1969-1971 levels and three times the 1969-1971 levels. In 
the expanded trade models no adjustments are made in the net 
foreign trade position of any of the other commodities. 
Three activities are used to simulate the expected 
changes in water availability due to international water 
agreements. They represent the increased transfer of 1.5 
million acre feet of water to Mexico from the Colorado River 
according to the Mexican treaty of 1944 (57), an increase of 
U5 thousand acre feet in the depletion of the Milk River by 
Canada (50) and the transfer of 1.1 million acre feet from 
the Missouri River Basin in the Dakotas through the Garrison 
Diversion Project to the Souris-Red-Rainy river basin (a 
basin outside the included water regions) by the year 2000 
(50) . 
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The exogenous agricultural sector 
Resource allocation in part of the agricultural sector 
is predetermined exogenously to the active model. The two 
major areas are in the fruits, vegetables and minor crops 
sector and in the small or extremely intensive animal enter­
prises. Included in the crop sector are broomcorn, 
buckwheat, cowpeas, dry beans, dry peas, flax, hops, orchards 
and vineyards, peanuts, potatoes, proso-millet, rice, rye, 
safflower, sugar cane, sunflowers, sweet potatoes, tobacco 
and vegetables. 
The resource availability in the model is adjusted to 
account for the requirements for the above named crops in the 
year 2000. Appendix 1 covers the computational procedures 
required to estimate the level of land, water and fertilizer 
nitrogen use by these crops. In the model the projected 
acreage requirement by land class in each producing area is 
subtracted from the available land in that class in the pro­
ducing area, where projections indicated a greater increase 
in acreage than available land allowed, the projected acreage 
is accounted for by adjusting either the acreage in another 
land class of equal productivity in the producing area or the 
acreage in the same land class in an adjacent producing area. 
Which of these alternatives chosen depended on the historic 
(1964 and 1969 Census of Agriculture data) similarity of the 
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production pattern of adjacent producing areas and the char­
acteristics of the crop which may allow it to be grown on 
land of different productivity and management requirements. 
The projected water requirements for the exogenous crops 
grown in the appropriate producing areas reduced the amount 
of water available for use in the respective water supply re­
gion. In this way the exogenous crops have access to the wa­
ter prior to the endogenous crops. In most cases, this pro­
cedure will not cause any discrepancy from what would happen 
in a competitive situation as most of the exogenous crops 
represent high value crops or crops grown under contract to a 
processor and thus could bid water away from the feed grain 
and roughage crops. 
Nitrogen fertilizer requirements for these crops repre­
sent a projection of the present per acre fertilizer use 
levels to 2000 and a determination of the total requirement 
in the producing area by summing over the exogenous crops. 
This quantity is then introduced as a pre-solution deficit in 
the nitrogen markets represented by the right hand side of 
the nitrogen restraints having these values and a greater 
than or equal to form. 
The livestock sector of the exogenous agricultural pro­
duction sector includes production of broilers, eggs, tur­
keys, sheep and lambs and the group of other small animals 
such as horses, mules, ducks, geese, fur bearing animals and 
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zoo animals. The rations for each of the li,vestoclc catego­
ries are determined as outlined in Agricultural Water Demands 
(29) and give the quantity of each of the commodities re­
quired per unit of the livestock class. These quantities 
represent a direct demand on the relevant commodity markets 
except for the oilmeal coefficient. It is adjusted to repre­
sent a net demand for high protein feed by adjusting for the 
amount of high protein animal feed produced as a byproduct of 
the slaughter of the livestock class. The method of calcu­
lating the animal protein production is outlined in the dis­
cussions of the livestock coefficients in Appendix 2. Per 
unit water requirements, for those areas where water re­
straints are defined, are obtained by livestock class from 
Agricultural Water Demands (29). 
The quantity of nitrogen equivalent wastes produced by 
each of the classes of livestock is determined and forms the 
interaction with the fertilizer nitrogen sector. The 
quantity of fertilizer equivalent wastes from broilers is de­
termined as outlined in Appendix 2 and a comparable produc­
tion of nitrogen waste is calculated for the other poultry 
classes based on feed consumption and commodity production 
relative to broilers, sheep and lamb wastes are calculated 
from the coefficients of the other ruminants based on waste 
production per unit of output (Appendix 2). No nitrogen 
waste is associated with the other livestock category as 
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neither the exact mix of these animals nor waste production 
data for them are quantified. 
The crop production sector 
The crop production sector simulates the production of 
barley, corn, corn silage, cotton, legume and nonlegume hay 
or pasture in rotation, oats, sorghum silage, soybeans, sugar 
beets and wheat in rotational combinations consistent with 
the production possibilities of the region. These activities 
are defined by producing area and land class, representing 
alternative crop sequences, tillage and conservation prac­
tices and irrigated or dryland agriculture. In the discus­
sion a unique combination of the above previous factors rep­
resented in one activity is referred to as a cropping man­
agement system. Each of these systems produces commodities 
for intermediate or final demands while simultaneously 
creating a demand for fertilizer nitrogen and land. In com­
pletely defining one of the cropping management systems, many 
interactions and influencing factors must be considered. 
Figure 9 outlines the interaction of the soil characteris­
tics, technology and the natural factors in determining the 
possible cropping management systems and their resulting co­
efficients. The soil characteristics require determination 
of the slope and gradient of the soil, the physical makeup of 
the soil determining its descriptive classification and the 
natural fertility levels of the soil. The natural possibili-
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ties include the rainfall quantity and annual distribution 
and the length of the growing season determined by the frost 
free period. These combine with the technological possibili­
ties such as production and the response function resulting 
from commercial or animal fertilizer applications. In gener­
al, the data development for the model can be divided into 
three closely related sections. Initially, the complete def­
inition of the alternative cropping management system, the 
associated crops, tillage methods, conservation practices and 
resulting soil loss represent the problem requiring the 
largest amount of data handling. The second step in the com­
plete definition of the system represents development of the 
yields incorporating the influences of all the factors asso­
ciated with the cropping management systems. The final step 
includes developing a production cost coefficient consistent 
with the effects of all the above variables and the regional 
farm characteristics. 
The crop rotations used within the producing area are 
determined by combining the rotations recommended by the Soil 
Conservation Service in each of the Land Resource Areas in­
cluded in the producing area (Appendix 3). Some adjustment 
is made to reduce the number included to a workable group by 
determining the relevant crops grown in the producing area 
from the 1964 and 1969 Census of Agriculture (95, 96) and 
selecting rotations providing a variation in production 
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around these crops. Each of the rotations are defined on all 
the land classes within the region if relevant data is avail­
able to adjust the costs, yields and conservation practices 
to maintain the true comparative advantage of the land class. 
The soil loss is calculated from the Universal Soil Loss 
Equation as developed by Vischmeier and Smith (105) and the 
data obtained from the survey of regional specialists of the 
Soil Conservation Service (Appendix 3). The methods used to 
adjust the data from the Land Resource Areas of the Soil Con­
servation Service to the producing areas and an explanation 
of the soil loss calculations are given in Appendix 4. con­
servation practices considered included straight rov cultiva­
tion, as the base, contouring, strip cropping and terracing. 
Each is defined on all land classes for which the data is 
available. The conservation practices are also combined with 
the tillage practices; conventional tillage, residue manage­
ment and reduced tillage. Reduced tillage is interpreted to 
be the adoption of the most likely method of tillage in the 
area consistent with a reduction in direct exposure of the 
soil surface to the erosion causing elements. 
crop yields are determined from a set of regional yield 
response functions developed by Stoecker (72) and adapted to 
our land class analysis using data from the Soil Conservation 
Service survey (Appendix 3), the 1964 Agricultural Census 
(95) and the national Inventory (77). The yield functions 
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incorporate response to fertilizer applications, time trends 
of technology (for this model to 2000), land class productiv­
ity differentials and conservation and tillage yield effects. 
& complete description of the function and the determination 
of the relevant data is given in Appendix 5. An additional 
part of the yield determination is the development of the 
fertilizer nitrogen requirements of the rotation. The re­
sponse function has fertilizer input as a variable and pro­
jections of the optimum level of fertilization leading to the 
fertilizer coefficient for the interaction between the crop 
management system and the fertilizer nitrogen restraint. In 
calculating this coefficient, adjustments are made if the ro­
tation includes either a legume hay or soybeans, as both have 
the ability to fix nitrogen in their root nodules and some of 
this nitrogen is available to the crop following in the next 
year of the rotation. In determining the quantity of nitro­
gen fertilizer required, the quantities of the non-nitrogen 
fertilizer elements required are also determined and their 
purchase becomes a part of the production costs associated 
with the cropping management system. 
The crop costs are calculated individually from the data 
developed by Eyvindson (20). The individual crop costs in­
clude a breakdown into labor cost, machinery cost, pesti­
cides, fertilizer (non-nitrogen) and miscellaneous costs in­
cluding lime, grain drying and seed. In calculating the pro­
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jected total costs, adjustments in the fertilizer cost comes 
from the yield calculations, labor is adjusted for each of 
the crops to reflect a continued decline in labor per unit of 
output as determined from historic trends, while per acre ma­
chinery, pesticide and miscellaneous costs are assumed to in­
crease proportionately to the increase in yield. &11 costs 
are determined in terms of 1970 dollars and the methods and 
adjustments are outlined in Appendix 6. 
Water coefficients are determined as outlined in Agri­
cultural Water Demands (29) and the requirements for the ac­
tivity are weighted by the percentage of the crop in the 
cropping management system. The water coefficients represent 
net diversion requirements and are not directly a determinant 
in the crop yields. However, the trend yields of irrigated 
crops will reflect the past trends of water use on a per ir­
rigated acre basis and the functions should be consistent 
with the calculated water demands. 
An initial evaluation of the cropping management systems 
allowed for the selection of one conservation tillage prac­
tice combination for each of the unique rotations. The dif­
ference between conservation-tillage practice alternatives is 
represented in yield and cost differentials but not in re­
source use differentials. Thus, when evaluated in the linear 
program, that alternative with lowest cost per unit output 
will consistently be selected. With this in mind, all 
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cropping management systems within a unique rotation are 
evaluated and the most profitable alternative is chosen, 
i.e., the one which has the largest income given the costs in 
terms of resource use. This procedure reduced the number of 
crop management activities in the model from near 60,000 to 
less than 20,000. This, of course, does not affect the num­
ber of other activities but as the crop sector is by far the 
largest in the model, the reduction is significant. 
The livestock production sector 
The livestock production sector represents a secondary 
or intermediate demand on the feed commodities and transforms 
the grains and roughage into the "more desirable" meat por­
tions of the American diet. Figure 10 indicates the interac­
tions relating to the development of the livestock production 
activities. The rations depend on the livestock class, rela­
tive feed costs, the climatic influences and management deci­
sions such as desired rates of gain and the time horizon in 
production periods. These factors combine with the 
technologic alternatives such as production inputs, feed and 
waste handling systems, operation size and the climate to 
define the alternative livestock possibilities and, in turn, 
develop the coefficients required to defined the interactions 
required for the model. 
Livestock production alternatives in the model are de­
fined by the 223 producing regions. They represent the beef 
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Figure 10. Schematic of the development of the livestock 
production possibility coefficients 
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cow, beef feeding, hog and dairy operations and are based on 
the work of Eyvindson (20). All other livestock are allocat­
ed exogenously as described previously. Each of the live­
stock types in a producing area forms a set of activities 
with nutritionally balanced but commodity differentiated 
rations. The rations provided for each of the livestock 
groups are balanced in separate mathematical formulations 
based on the nutrient requirements specified by the National 
Academy of Science (52, 53, 54). These rations are adjusted 
to reflect the expected difference between experimentally 
recommended levels of nutrient consumption and projected 
levels based on historic feed consumption rates (Appendix 2). 
In determining the optimal ration in the model, linear com­
binations of the defined rations provide a number of alterna­
tive rations covering many more combinations of the available 
feeds. The rations create a demand for the relevant commodi­
ties and, as for the exogenous livestock, have an adjustment 
in oilmeal requirement for the production of high protein an­
imal feed as a byproduct of the slaughter industry. In those 
producing areas enclosed within the water supply regions co­
efficients are developed by livestock class to indicate the 
withdrawal of water from the appropriate water balance. 
Each of the livestock classes also produces a set of 
commodities at a level consistent with projections of 
historic regional data. Table 5. These commodities are 
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channeled into the appropriate market and satisfy the deter 
mined demands, in some cases an intermediate demand as for 
feeders. Each of the livestock activities also produces a 
calculated level of nitrogen fertilizer equivalent in the 
producing area. 
Table 5. Commodities produced by the endogenous livestock 
classes. 
Livestock class Commodities produced 
Dairy Milk, feeders, nonfed beef 
Beef cows Feeders, nonfed beef 
Beef feeding Fed beef, nonfed beef 
Hogs Pork 
Determination of resource levels 
This section outlines the methods of regulating and 
delineating the resources. Included is a description of the 
sector in the model which determines what quantities of re­
sources are available, at what cost, and how and where they 
are to be used in the "optimization" of the agricultural 
sector. The resources defined in this category include land, 
non-rotation hay and pasture, water and fertilizer nitrogen. 
A detailed description of the procedures and assumptions is 
left to Appendix 7, while this section deals with the inter­
actions and availability of resources within the complete 
model. 
The acreage available by land class is determined from 
the National Inventory of the Soil Conservation Service (77) 
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with adjustments for projected changes in exogenous land use 
and future irrigation developments. The base acreages used 
for cultivated land in the study represent those acres in the 
National Inventory which were used for row crops, close-grown 
crops, summer fallow, rotation hay and pasture, conservation 
uses, and fruits and vegetables. This acreage is reported by 
29 land classes for dryland and irrigated possibilities rep­
resenting lands of eight different general classes and four 
subclasses indicating susceptibility to erosion, water, 
climate or soil condition hazards. For purposes of this 
study, the 29 land classes are aggregated into nine land 
groups by producing area as indicated in Table 6. This ag­
gregation to the nine land groups by producing area is 
adjusted for projected increases in land use for irrigation 
through 1980 in the west as outlined in Agricultural Water 
Demands (29). These available acreages are also adjusted for 
the land requirements of the exogenous crops as described 
previously and in Appendix 1. After these adjustments any 
land group with less than 1,000 acres is aggregated to the 
next closest land group in erosion characteristic. Each land 
group remaining by producing area forms a land restraint in 
the model and the acreage calculated forms the right hand 
side or upper limit on the availability of land of that qual­
ity in the producing area. The acreage by land group at a 
national level after the above adjustments are included 
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Table 6. Land class and subclasses aggregated to the nine 
land groups.1 
Land Inventory class- Land Inventory class 
Groups subclass Groups subclass 
1  1 6  IVe 
2  1 le 7  IVs, IVc, IVw 
3  1 1 s .  Ile, 1 I w  8  all of V 
4  1 1 le g all of VI, VII 
&  VIII  
5  1 lis. Il le. 1 1 I w  
^Inventory class and subclasses are as defined by the 
Soil Conservation Service for the National inventory (77). 
Table 7. Total dryland and irrigated acreages in the nine 
land groups.! 
Land Group 
Dryland acres 
(000) 
Irrigated acres 
(000) 
1 23458 5632 
2 76672 7257 
3 73748 4796 
k  65598 3648 
5 45838 4120 
6 29034 1410 
7 10738 1168 
8 305 14 
9 12829 287 
Total 338220 28332 
^Represent the total acres available for use by the 
endogenous crops. 
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totals 338,220 thousand acres of dryland and 28,332 thousand 
acres of Irrigated lands (Table 7). 
Dryland and irrigated nonrotation hay activities are de­
veloped from the acreages of hayland in the National Invento­
ry with an estimate made of the lover yielding wild hay from 
the 1964 Census of Agriculture (95). These two groups, the 
wild hay and remaining nonrotation hay, are defined by produ­
cing area and are used as weights to adjust the cost and 
yield coefficients for tame hay and wild bay as reported in 
Agricultural Water Demands (29) to give a single tame, 
nonrotation hay activity by producing area. This activity 
contributes to the nonlegume hay balance in the relevant mar­
ket area. No nitrogen fertilizer use coefficient is devel­
oped for this activity. Water requirements for the irrigated 
nonrotation hay activities are weighted from the activities 
described in Agricultural Water Demands (29). 
The range and pasture category from the National Inven­
tory (77) gives dryland and irrigated nonrotation pasture ac­
tivities. The costs and yields are developed by transferring 
the pasture activities reported in Agricultural Water Demands 
(29). The yields from these pasture activities contribute to 
the hay equivalent measurement of pasture land by producing 
area. The measurement of fertilizer use on the nonrotation 
pastures reflects the wastes of the livestock which are 
dropped while the animal is grazing. In order to quantify 
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of water into the southwest seacoast areas. &n activity is 
defined in each of the 51 water supply regions to add to the 
supply of available water. These activities are of the form 
W(w)<0(w), where M(w) is the level of water buying activity 
in water supply region w and 0(w) is the upper limit on the 
activity equal to the dependable water supply estimated for 
water supply region w. An additional water supply activity 
is defined in all water supply regions adjacent to a salt wa­
ter source which allows for desalting of ocean water. This 
activity has no upper limit but is given a cost of $100 per 
acre foot thus making it feasible only for extremely high re­
turn uses.I 
The remaining group of activities controlling the avail­
ability of resources represent the nitrogen fertilizer buy 
activities. These activities, defined by producing area, 
allow for the purchase of nitrogen fertilizer to meet the re­
quirements of the cropping management system. The costs as­
sociated with these activities are determined from state fer­
tilizer prices over the 1969-1971 period (72). These activi­
ties have no upper bound preventing fertilizer scarcity from 
placing any production limitation on the crop sector. 
iThe $100 per acre foot cost is an estimate of the per 
unit cost of presently feasible large scale desalting at­
tempts (29) . 
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the requirements per acre and to reflect the wastes produced 
while grazing the acre, the waste production of the animal is 
related to the consumption of roughage. This amount of waste 
per unit of roughage consumed is used to calculate the waste 
applied per acre grazed as a function of the yield of hay 
equivalent roughage from the acre of pasture. 
The water coefficient for irrigated pasture is deter­
mined by adjusting the coefficient from irrigated pasture on 
farms as reported in Agricultural Water Demands (29). k sim­
ilar activity on dryland only is developed from the forest 
grazed category with the coefficients being determined from 
the "pasture not on farms" activities described in Agricul­
tural Water Demands (29). The fertilizer nitrogen coeffi­
cient is determined as for the pasture activities. The for­
est grazed activity represents mostly low yielding lands 
which are grazed on an extensive basis and occur in large 
blocks in the regions of the west. 
The pasture and. hay production thus developed for each 
producing area is included in the model as an activity with 
an upper bound equal to the estimated acreage in the produ­
cing area. These activities are then available to be consid­
ered as a source of roughage production depending on the per 
unit costs of the roughage produced. 
The water sector is developed directly from Agricultural 
Water Demands (29) except for an alteration on the transfers 
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of water into the southwest seacoast areas. An activity is 
defined in each of the 51 water supply regions to add to the 
supply of available water. These activities are of the form 
W(w)<0(w), where W(w) is the level of water buying activity 
in water supply region w and D(w) is the upper limit on the 
activity equal to the dependable water supply estimated for 
water supply region w. An additional water supply activity 
is defined in all water supply regions adjacent to a salt wa­
ter source which allows for desalting of ocean water. This 
activity has no upper limit but is given a cost of $100 per 
acre foot thus making it feasible only for extremely high re­
turn uses.i 
The remaining group of activities controlling the avail­
ability of resources represent the nitrogen fertilizer buy 
activities. These activities, defined by producing area, 
allow for the purchase of nitrogen fertilizer to meet the re­
quirements of the cropping management system. The costs as­
sociated with these activities are determined from state fer­
tilizer prices over the 1969-1971 period (72). These activi­
ties have no upper bound preventing fertilizer scarcity from 
placing any production limitation on the crop sector. 
iThe $100 per acre foot cost is an estimate of the per 
unit cost of presently feasible large scale desalting at­
tempts (29) . 
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The commodity and resource transfer sections 
Transfer activities are used in the model to transport 
commodities from areas of surplus production to areas of 
excess demand, to transfer water on a downstream flow or 
through interbasin channels and to change the quality parame­
ter in the beef market. 
The commodity transportation activities are defined for 
the crops; barley, corn, oats, sorghum, soybeans and wheat 
and the livestock products; fed beef, nonfed beef, pork, 
feeders and dairy products on a milk equivalent basis. 
Transportation activities move the commodities between 
adjacent market regions and over some long haul routes if the 
long haul rail mileage is less than 90 percent of the miles 
associated with a movement through all intermediate markets. 
No discrepancy occurs as market handling costs are not 
charged at each point and the transportation cost functions 
utilized are linear in distance (29). The activities for 
transporting commodities are of the form 0<T(i,j,k)< », where 
T(i,j,k) is the quantity of commodity i transported from mar­
ket region j to market region k with j and k having defined 
values in the range from 1 to 29 except j= k. 
The transfer of water has two components, the downstream 
flow and the interbasin flows. The downstream flow simulates 
natural water movement and is defined such that WNij < .75Wi, 
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where WN(i,j) is the level of water transfer by natural flow 
from water supply region i to water supply region j and W(i) 
is the total quantity of water available for use in water 
supply region i. This restrained activity allows for only 75 
percent of the available water to be moved as outlined in Ag­
ricultural Water Demands (29). The second water transfer is 
the interbasin transfer system where existing interbasin 
transfer systems are simulated. The activities are of the 
same mathematical form as the natural flow transfers except 
the bound represents the capacity of the system rather than 
the water availability. 
The final transfer sector is more realistically a trans­
formation activity as the model allows fed beef to be used as 
part of the supply requirements to meet the nonfed beef de­
mand. This activity would approximate the idea of slaughter­
ing cattle in a slightly less finished state to be used for 
low quality meat dishes. If this type of substitution is not 
possible it is conceivable that excess livestock (dairy 
and/or beef cows) will be introduced into the model to satis­
fy the nonfed beef demand and thereby produce an excess of 
their primary products—milk and feeders. This completes the 
description of all the coefficients in the model. The fol­
lowing section indicates how they relate to the restraints in 
the model. 
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Regional Restraints Imposed on the Model 
Restraints on the level of an activity or group of ac­
tivities are included in the linear programming model at the 
producing area, water supply region, market region, and na­
tional levels. Restraints are already determined for certain 
of the activities such as the population-industry, water buy, 
water transfer, export, and the nonrotation pasture and hay 
activity groups. It remains to define one individual activi­
ty restraint regulating soil loss and the group restraints on 
commodity balance, water use and transfer, land use, pasture 
availability, and nitrogen fertilizer balance. 
Restraints imposed at the producing area level 
A restraint at the producing area level, not covered by 
the individual activity restraints already defined, is used 
to control the level of per acre soil loss by the crop man­
agement system. Also, restraints at the producing area level 
control the level of land available for use by quality group, 
the fertilizer nitrogen balance and the roughage equivalent 
production frcm pasture. The soil less restrictions are of 
the form SL(i,j)<MSL where SL (i, j) is the calculated per acre 
soil loss associated with crop management system i in produ­
cing area j and nSL is the maximum allowed soil loss. The 
maximum soil loss restraint, as used in this model, is 
imposed equally on all lands in all producing areas. It 
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would be possible to conduct the same analysis imposing dif­
ferent upper limits on soil loss on each land group and in 
each producing area. This restraint is not directly executed 
in the programming model but is a pre-solution condition. 
Each activity is evaluated as the model is constructed and 
only those crop management systems which have a determined 
soil loss less than the per acre limit are included for that 
analysis. 
The restraints regulating the availability of land by 
erosion group make up the base for the entire model. The use 
of the land available provides an easy means of either ex­
panding or contracting agricultural output. In the coeffi­
cients section the land class groups are outlined along with 
the method of calculating the acreages available for use 
given the requirements for the exogenous crops, a possible 
18 land restraints by producing area are defined, 9 for each 
of the dryland and irrigated possibilities. The level of use 
of the available dryland or irrigated cropland is determined 
by restraints of the general form. 
z X(i,j,k)A(i,j,k) < L(i,j) 
k 
i  =  1 ,  . 2 2 3  f o r  t h e  p r o d u c i n g  a r e a s ,  
j = 1, ...» 18 for the land classes defined, 
k = 1, 2, ..., for the number of crop management sys­
tems defined on land class j in producing area i. 
where: 
83 
is the acres of cropland defined in rotation k 
on land class j in producing area i; 
X(i,j,k) is the level of use of rotation k in land 
class j in producing area i; 
L(i,j) is the acres of cropland on land class j avail­
able for use in producing area i. 
The land groups run 1 through 18 with 1 through 9 indi­
cating dryland, the only alternative in areas where water 
supplies are not defined, and 10 through 18 indicating the 
potentially irrigated lands. When irrigated cropland is in­
cluded the activities defined for possible use on the land 
include irrigated as well as dryland possibilities. Thus, if 
the water supply is fully utilized prior to using all 
possibly irrigated lands, the land unused for irrigation may 
be switched to rainfed agricultural uses. The model does not 
include the possibility of irrigated activities on dryland 
acres even when excess water is available. 
The second general restraint defined at the producing 
area level regulates the production, purchase and use of fer­
tilizer nitrogen. Fertilizer nitrogen is balanced at the 
producing area level rather than the market region level to 
prevent the production of livestock wastes in one producing 
area and the consumption of the nitrogen from these wastes in 
another producing area within the market region. The fertil­
izer nitrogen restraint has the form; 
BU 
Z  Y(i,m)L(i,m) + Z(i) - Z Z  X(i,j,k,) - Z  P(i,n)N(i,n) 
m jk n 
+ EL(i) - EC(i) = 0 
i = 1, ...» 223 for the producing areas, 
j = 1, ..., 18 for the land classes, 
k = 1, 2, ..., for the number of rotations defined on 
land class j in producing area i, 
m = 1, 2, ..., for the number of livestock activities 
defined in producing area i, 
n = 1, ..., 5 for the permanent pasture and hay activi­
ties, 
where: 
L{i,m) is the pounds of fertilizer nitrogen equivalent 
produced in the wastes of livestock activity m in 
producing area i; 
Y(i,m) is the level of operation for livestock activity 
n in producing area i; 
Z(i) is the number of units of fertilizer nitrogen pur­
chased in producing area i; 
A(i,j,k) is the per acre nitrogen equivalent require­
ment of rotation k on land class j in producing area 
i;. 
X(i,j,k) is the level of use of rotation k on land 
class j in producing area i; 
EL(i) is the level of fertilizer nitrogen equivalents 
produced by the exogenous livestock in producing 
area i; 
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EC(i) is the level of fertilizer nitrogen equivalents 
required by the exogenous crops in producing area i; 
P(i,n) is the level of permanent pasture or hay activi­
ty n in producing area i; 
N(i,n) is the per acre requirements of fertilizer ni­
trogen equivalents for permanent pasture or hay type 
n in producing area i. 
These nitrogen restraints are built around the equality 
restraint. This requires sufficient fertilizer nitrogen to 
be produced or bought to cover use, as would be done with a 
greater than restraint, and also prevents any surplus fertil­
izer nitrogen from accumulating in the producing area as 
might be the case if a concentration of livestock develops 
with insufficient crop or permanent pasture or hayland on 
which to dispose of the wastes. For computational purposes, 
when solving the model these restraints are allowed a limited 
deviation from the equality constraint. 
The final restraint defined by producing area balances 
the pasture production and utilization. All units are de­
fined in terms of tons of hay equivalent per acre rather than 
acres of pasture. Defining this restraint by producing area 
allows for the use of pasture to be controlled by producing 
area rather than market region, as is done for all other com­
modities, such that livestock in one producing area are not 
able to consume pasture located in any other producing area 
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within the market region. The restraints are of the form: 
ZI(i, j)AP(i, j) + zP(i,n)PY(i,n) - ZY(i,k)PC(i,k) > 0 
j n k 
i  =  1 ,  . 2 2 3  f o r  t h e  p r o d u c i n g  a r e a s ,  
j  =  1 ,  . f o r  t h e  r o t a t i o n s  d e f i n e d  i n  p r o d u c i n g  
area i, 
n  =  1 ,  . 3  f o r  t h e  p e r m a n e n t  p a s t u r e  a c t i v i t i e s ,  
k = 1, .for the livestock activities defined in 
producing area i, 
where: 
X(i,j) is the level of crop rotation j in producing 
area i; 
AP(i,j) is the per acre yield of aftermath pasture by 
rotation j; 
P(i,n) is the acres of pasture activity n in producing 
area i; 
PY(i,n) is the yield of pasture activity n in produ­
cing area i (in hay eguivalents); 
Y (i) is the level of livestock activity k in producing 
area i; 
PC(i,k) is the per unit level of pasture consumption 
by livestock activity k in producing area i. 
Aftermath pasture is the grazing equivalent received 
from cropland after harvest or in the early spring before the 
crop develops. These balance equations complete the set of 
restraints defined by producing area. The final resource re­
straint is defined by water supply region. 
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Restraints defined at the water supply region level 
The only restraint defined by water supply region regu­
lates the use of water for all purposes such that it remains 
less than the quantity available, including any inflows de­
fined. The restraints in this set are of the form: 
WB(W) + HT(W) + HI(w) - HO(W) - WX(w) - WE(w) 
- ZWP(n,i)R(n,i) - Z  Z X (i, j) WO (i, j) 
n ie w j 
- Z ZY(i,k)WI(i,k) - WP(i)PN(i) > 0 
ie w k 
i = 1, ...» 223 for the producing area, 
j = 1, ... for the cropping activities defined in pro­
ducing area i, 
k = 1, ..., for the livestock activities defined in 
producing area i, 
n = 2, 4 for the irrigated permanent pasture and 
hay, 
w = 1, 51 for the water supply regions, 
where; 
WB(w) is the level of the water buying activity in wa­
ter supply region w; 
HT(w) is the level of the net natural water transfer 
associated with water supply region w; 
WI(w) is the level of the net interbasin transfer of 
water associated with water supply region w; 
HO(w) is the level of water use for onsite needs in 
water supply region w; 
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WX(w) is the level of water exports from water supply 
region w; 
tfE(w) is the level of water use for exogenous crops 
and livestock in water supply region w; 
WO(i,j) is the per acre water use by cropping activity 
j in producing area i; 
X(i,j) is the level of use of cropping activity j in 
producing area i; 
WL(i,k) is the per unit requirement for water by live­
stock activity k in producing area i; 
Y(i,k) is the level of use of livestock activity k in 
producing area i; 
WR(n,i) is the per acre requirement for water by per­
manent roughage activity n in producing area i; 
R(n,i) is the level of use of permanent roughage ac­
tivity n in producing area i; 
WP(i) is the level of water use per person in produ­
cing area i; 
PN(i) is the number of persons in producing area i. 
All units of measurement are in terms of acre feet of 
water per unit of activity. Of the activities interacting in 
this restraint, the water buy, water transfer, interbasin 
flow, water for onsite uses, water exports, water for exoge­
nous crops and livestock and water for the permanent pasture 
and hay uses all are controlled by individual activity bounds 
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regulating their level of incorporation in the model as ex­
plained with the definition of the relevant activities. 
Restraints at the market region level 
The restraints at the market region level act as the 
market balancing mechanism for each of the commodities.i 
Each producing area in the market region interacts directly 
with these market restraints to satisfy its requirements for 
commodities as resources or to market the commodities pro­
duced in the area. Transportation activities link the com­
modity markets of adjacent market regions allowing the trans­
fer of commodities to facilitate the regional comparative ad­
vantage characteristics and satisfy the demands of the model. 
These restraints are of the general form: 
Z ZCC(i,i,p)X(i,j) + I zCL(i,k,p)Y(i,k) 
iem j iem k 
+ ZT(p,g,m) +zPC(i,p)N(i) - X(m,p) > 0 
g i 
i = 1, ...» 223 for the producing areas, 
j = 1, ..., for the cropping activities defined in 
producing area i, 
k = 1, ..., for the livestock activities defined in 
producing area i. 
»The commodities include the crop products; barley, 
corn grain, legume and non-legume hay, oats, oilmeals, 
silage, sorghum grain, and wheat and the livestock products; 
fed and nonfed beef, dairy products (in milk equivalent), 
feeders and pork. 
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m = 1, 30 for the market regions, 
p = 1, 15 for the commodities, 
q  =  1 ,  . f o r  t h e  t r a n s p o r t a t i o n  a c t i v i t i e s  d e f i n e d  
in market region m, 
where: 
CC(i,j,p) is the per unit production of commodity p by 
crop activity j in producing area i; 
X(i,j) is the level of use of cropping activity j in 
producing area i; 
CL(i,k,p) is the per unit use or production of commodi­
ty p by livestock activity k in producing area i; 
Y(i,k) is the level of use of livestock activity k in 
producing area i; 
T(p,q,m) is the net movement of commodity p on trans­
portation route q in market region m;* 
E(p,m) is the net export of commodity p from market 
region m ; 
PC(i,p) is the per capita consumption of commodity p 
in producing area i; 
N(i) is the population level in producing area i; 
X(m,p) is the net use of commodity p by the exogenous 
livestock in market region m. 
^Transportation activities are defined for the crop 
commodities; barley, corn, oats, oilmeals, sorghum, and 
wheat and the livestock products; dairy products, fed beef, 
feeders, nonfed beef and pork. 
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The restraints balance the distribution and production 
of each of the commodities allowing for the interactions of 
the commodities as intermediate goods, where applicable, and 
also for the level of international trade. 
Restraints defined at the national level 
Individual restraints at the national level simulate the 
markets for cotton, sugar beets and spring wheat. Each of 
the producing areas which has the ability to produce these 
commodities feeds directly into the national market. The re­
straints have the general form: 
ZZX(i,j,p)CC(i,j,p) - Q(P) - E(p) > 0 
ji 
i = 1, ..., 223 for the producing areas, 
j = 1, ..., for the rotations defined in producing 
area i containing production possibilities for com­
modity p, 
p = 1, 2, 3 for the commodities balanced at a national 
level, 
where ; 
CC{i,j,p) is the per unit production of commodity p by 
crop activity j in producing area i; 
X(i,j) is the level of use of cropping activity j in 
producing area i; 
Q(p) is the demand quantity for commodity p; 
E(p) is the net export level of commodity p. 
National activities are defined for cotton and sugar beets 
as no definite regional market is defined. In the case of 
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spring wheat the regional allocation is controlled by the 
total wheat equilibrium by market area and the national re­
straint is defined only to ensure that sufficient of the 
wheat be of the spring varieties. 
The objective function in the model is developed to min­
imize the cost cf producing the national agricultural bill, 
including both domestic and export demands, given the avail­
able land, water and fertilizer nitrogen resources, environ­
mental goals and the technology implied in the defined activ­
ities. The restraints on the objective function include 
balancing all markets as outlined in the market region and 
national market restraint sets. The objective function in­
cludes the costs of production, resource purchase, transfer 
and transport as it minimizes the cost of the national agri­
cultural bill and, considering only the nonzero elements, is 
of the form: 
The Objective Function 
minimize x (j:X (i, j) CC (i, j) + ZY(i,k)LC(i,j) 
i j k 
+ SP (i,n) PC(i,n) + F(i)FC(i) + HB(w)MC(w) 
n 
+ WD(w)DC(w) + WT(w)TC(w) + J E zT(m,p,g)TC(m,p,q) 
m p q 
i = 1r 
j = 1. 
• • • i 
223 for the producing areas, 
for the crop management systems in produ­
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cing area i, 
k  =  1 ,  . f o r  t h e  l i v e s t o c k  a c t i v i t i e s  i n  p r o d u c i n g  
area i, 
m = 1, 30 for the market regions, 
n = 1, 5 for the nonrotation hay and pasture ac­
tivities, 
p  =  1 ,  . 1 5  f o r  t h e  c o m m o d i t i e s  c o n s i d e r e d  i n  m a r ­
ket area m, 
g = 1, ...» for the transportation activities defined 
in market area m for commodity p, 
w = 1, 51 for the water supply regions, 
where: 
X(i,j) is the level of crop activity j in producing 
area i; 
CC(i,j) is the cost per unit of crop activity j in 
producing area i; 
Y(i,k) is the level of livestock production activity k 
in producing area i; 
LC(i,j) is the cost per unit of livestock activity k 
in producing area i; 
P{i,n) is the level of nonrotation pasture or hay ac­
tivity n in producing area i; 
PC(i,n) is the cost per unit of nonrotation pasture or 
hay activity n in producing area i; 
F(i) is the level of fertilizer nitrogen purchase in 
producing area i; 
FC{i) is the cost per unit of fertilizer nitrogen pur­
chase in producing area i; 
WB(w) is the level of water buying in water supply re­
gion w; 
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WC(w) is the cost per acre foot of water buying in wa­
ter supply region w; 
HD(w) is the level of water desalting in water supply 
region w; 
DC(w) is the cost per acre foot of desalting water in 
water supply region w; 
HT(w) is the level of water transfer through natural 
flow, exports or interbasin transfers from water 
supply region w; 
TC(w) is the cost per acre foot of water transferred 
from water supply region w; 
T(m,p,q) is the level of transportation for commodity p 
through transport activity q from market region m ; 
TC(m,p,g) is the cost per unit of transporting commodity 
p through transport activity g from market region 
m. 
The per unit costs defined in the objective function include 
only the purchase and utilization of resources exterior to 
the model. That is, no charge is included for internal 
inputs such as land, fertilizer or livestock feeds. 
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CHAPTER III. TRADE-OFFS UNDER ALTERNATIVE 
SOIL LOSS RESTRICTIONS 
The soil less analysis is based on four solutions of the 
programming model. The solutions simulate production possi­
bilities with, no restriction on per acre soil loss, a 10 ton 
per acre upper limit on soil loss, a 5 ton per acre upper 
limit on soil loss and a 3 ton per acre upper limit on soil 
loss. The four solutions provide approximations of the agri­
cultural production pattern at specific points on a continuum 
with no consideration for the level of soil loss, the unre­
stricted alternative, on one end and some level of erosion 
representing the minimum soil loss level of production which 
still satisfies the defined demands at the other end. The 
10, 5 and 3 ton restriction alternatives provide estimates at 
intermediate points along the continuum with the 3 ton level 
approaching the minimum soil loss level. Given the tradeoffs 
in resource use and production patterns at both the inter and 
intraregional level, the policy maker can determine the point 
along the continuum which approaches equilibrium given the 
policy maker's concept of the public's social welfare func­
tion . 
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Each of the alternative solutions estimates the agricul­
tural production and resource use pattern in 2000, subject to 
the assumptions upon which the model is built. (These as­
sumptions are outlined beginning on page 42.) The unre­
stricted soil loss model estimates production patterns given 
a free market for the outputs and inputs of agriculture and a 
nonrestrictive transportation network. The only restraint 
preventing a completely free market allocation of the factors 
is the fertilizer nitrogen balance which prevents livestock 
production in areas where sufficient land does not exist to 
dispose of the livestock wastes without applying them to the 
land at a level which provides more nitrogen than the 
cropping pattern is capable of utilizing efficiently. The 
three restricted models analyzed in this section operate with 
the additional set of restraints simulating alternative upper 
limits on per acre gross soil loss. 
The emphasis of the analysis is on the impacts of soil 
erosion policies within the agricultural sector of the econ­
omy. Changes in the agricultural sector are reflected in 
changes in land use patterns, resource use levels, farming 
practices employed, agricultural income distribution and the 
implied farm level food prices. The four solutions are em­
ployed to give approximations of different points on the 
continuum of allowable per acre soil loss. So as to investi­
gate the movement along the continuum and to reflect the 
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trade-offs in the above factors, the analysis presents esti­
mates of the level and distribution of land and water use, 
crop production, total and per acre soil loss, the farming or 
erosion control measures utilized to achieve the proposed 
level of erosion control, farm level prices and farm level 
expenditures for alternative crop inputs. The data are pre­
sented at the national level and at a regional level for 
those variables where regional variation is important to the 
implied productivity changes. The seven zones used for re­
porting the data are approximated in Figure 11, Initially, a 
comparison is made of the production patterns under the unre­
stricted soil loss model and the production patterns depicted 
by the most recent comparable data available.i Then, the 
sections following the comparison develop the tradeoffs and 
impacts of successively lower levels of allowable soil loss. 
Production Patterns Dnder No Soil Loss Restriction 
The unlimited soil loss model serves as the benchmark 
model in the analysis against which the other models are com­
pared to determine the implications of the alternative levels 
of restriction on soil loss. The optimizing techniques used 
in mathematical programming estimates the optimum production 
patterns subject to the defined constraints utilizing cost 
iMost of the data for the comparisons are obtained from 
the 1967 National Inventory (77). 
Figure 11. The seven major zones 
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minimization at the national level as the optimizing criteri-
a. Subsequently, the unrestrained soil loss alternative ap­
proximates the agricultural patterns given complete mobility 
of resources and a one year planning horizon for production. 
With these conditions the alternatives selected in this solu­
tion do not consider regional immobility of the agricultural 
resources, including farmers, nor any practices undertaken by 
the farmer to maintain the productivity of his soil over 
time. These two factors cause the model to over emphasize 
the immediate regional shifts and the equilibrium points rep­
resent the production patterns which would exist given a sit­
uation of complete mobility and the degree of certainty im­
plied in the assumptions used to calculate the alternative 
activities. Because of the present practice of many farmers 
to adopt farming methods which conserve their soil, some of 
the alternatives included in the unlimited model would be 
representative of alternatives which do not incorporate any 
concern for future productivity and are characterized by much 
higher soil losses than would be experienced under present 
agricultural practices. 
By allowing a complete shift in production patterns the 
end point of the adjustment process is determined. This so­
lution could represent agricultural production patterns at 
the end of an unrestrained adjustment period of sufficient 
time length to permit the implied mobilization of resources. 
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Allowing for the complete freedom in adjustment exemplifies 
the transformation of agriculture to the new conditions and 
the impacts are not altered by assumptions regulating the mo­
bility of the system. Also, with the unregulated equilibrium 
the policy maker can decide if such is the condition the "so­
cial welfare function" indicates agriculture should be oper­
ating at, given the external market factors in the policy 
maker's function. If this equilibrium is not socially opti­
mal then alternative solutions can approximate the end condi­
tions of different regulatory assumptions on the mobility of 
resources or on the levels of regional dispersion of the pro­
duction patterns. The comparison of the unrestrained soil 
loss model centers around an investigation of the land use 
patterns projected and those found in 1967 (77). 
Land use patterns 
The land use comparisons indicate the acreages and the 
relative concentration of the crops by land class and by re­
gion for both dryland and irrigated alternatives. A continu­
ation of the land use analysis indicates the additional pro­
duction capacity remaining in the form of the number of acres 
of land estimated not to be used for agricultural production 
which have historically been cultivated. 
Given the free market economy assumed in the models, 
land use patterns adjust such that the crops are produced in 
the areas of greatest comparative advantage and the crops 
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grown are those which allow for the demands of the model to 
be satisfied at least cost. The projected yield increase and 
changes in the feed conversion rates allow for the production 
of the agricultural bill in 2000 on a smaller land base than 
used in 1967, Dryland acreage used for production of all ag­
ricultural commodities declines between 1967 and 2000, Tables 
8 and 9, respectively. The total land use in both 1967 and 
2000 include approximately 12 million acres of land allocated 
to the crops which are treated exogenously to the model. The 
total dryland acreage in use under the unrestricted soil loss 
alternative is about 38 percent less than in 1967. However, 
cultivated land use in 2000 is only about 6 percent below the 
acreage required in 1967. The shifts by crop group show a 
variation consistent with minimizing the cost of the agricul­
tural bill. The acreage by crop group for 1967, Table 8, and 
for 2000, Table 9, indicate a reduction of 4.9 million acres 
or 3.4 percent for row crops, 23.6 million acres or 25.3 per­
cent for the close-grown crops and an increase of 0.8 million 
acres or 1.2 percent in the hayland acres. The hayland acres 
reflect a switch toward the cultivated acres as a roughage 
source away from the permanent pasture and wild haylands. 
Part of this shift is encouraged as the livestock move to 
areas where their wastes become an income source for the 
livestock enterprise rather than a cost for disposal as is 
the case in areas where the livestock are in such numbers 
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Table 8. Dryland crop acreages in major zones by soil class in 1967. 
Zone and Close All o A 
soil class Row grown hay'' Pasture Other Total 
(000 acres) 
United States 143905 93832 65548 614311 35036 952632 
I, II 88747 47000 28657 58111 12779 235294 
HIE, IVE 28064 28908 20889 111908 12896 202665 
Other III-IV 23499 14447 9976 49902 7266 105090 
V VIII 3595 3477 6026 394390 2095 409583 
North Atlantic 5071 2660 8749 9539 571 26590 
I, II 2967 1337 3600 1893 266 10063 
HIE, IVE 908 732 2654 2813 141 7248 
Other III-IV 1001 453 1770 1558 73 4855 
V-VIII 195 138 725 3275 91 4424 
South Atlantic 15243 2313 3389 32029 1491 54445 
I, II 9191 1271 1234 5226 294 17216 
HIE, IVE 2035 617 1231 6051 109 10043 
Other III-IV 3578 321 405 10843 938 16085 
V-VIII 439 104 519 9909 130 11101 
North Central 74690 28801 31446 46708 4021 185666 
I, II 54327 19826 16761 13767 2913 107594 
HIE, IVE 10681 4452 8468 12260 509 36370 
Other HI-IV 8452 3933 4003 4865 475 21728 
V-VIII 1230 590 2214 15816 124 19974 
South Central 37161 23667 10637 169350 4272 ^ 245087 
I, H 18069 11928 3802 27786 1735 63320 
HIE, IVE 8968 7734 4088 45325 1384 67499 
Other HI-IV 9139 3346 1811 17878 973 33147 
V-VIII 985 659 936 78361 180 81127 
Great Plains 8073 27567 9093 185352 19565 249650 
I, H 3983 11204 2676 7551 6912 32326 
HIE, IVE 3275 11193 3621 34130 8211 60430 
Other HI-IV 433 3552 1292 8274 3146 16697 
V-VIII 382 1618 1504 135397 1296 140197 
North West 93 5980 2158 47651 3883 59765 
I, II 61 1183 559 945 468 3216 
HIE, IVE 7 3145 798 5069 2176 11195 
Other HI-IV 20 1427 677 2298 1055 5477 
V-VIII 5 225 124 39339 184 39877 
South West 3574 2844 76 123682 1253 131429 
I, H 149 251 25 943 191 1559 
HIE, IVE 2190 1035 29 6260 366 9880 
Other HI-IV 876 1415 18 4186 606 7101 
V-VIII 359 143 4 112293 90 112889 
T 
gSource: (56). 
gIncludes rotation hay, other hay and cropland pasture. 
^Includes permanent pasture, rangeland and forest grazed. 
Includes summer fallow, orchards and vineyards. 
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Table 9. Drylaad acreages in major zones with wnlimitei 
soil loss and 69-71 average exports in 2000 
( M o d e l  à ) .  
Zone and 
soil class Sow 
Close 
grown 
All 
hay: Pasture Others Total 
(OOO 1 acres) 
United States 133980 70205 66333 303059 7584 536261 
I,II 101349 38536 29197 0 2543 171625 
HIE, IVE 22163 21934 13908 0 2198 60203 
other III,IV 15248 9500 5998 0 2702 33448 
V-VIII 220 235 347 0 241 1043 
North Atlantic 3713 1698 1614 6806 295 14126 
I,II 3320 1193 493 0 137 5143 
HIE, IVE 216 491 5 0 81 793 
Other III,IV 162 11 0 0 45 218 
V-VIII 15 3 0 0 32 50 
South Atlantic 10691 3201 2007 23592 1505 41096 
I,II 7979 2387 1218 0 229 11813 
HIE, IVE 1152 383 48 0 70 1653 
Other III,IV 1476 428 0 0 1166 3070 
V-VIII 84 3 0 0 140 227 
North Central 90902 19440 16755 29775 215 157087 
I,II 71954 16121 7918 0 70 96063 
HIE,IVE 11266 2659 2767 0 54 16746 
Other III,IV 7656 642 162 0 70 8530 
V-VIII 26 18 0 0 21 65 
South Central 27510 19863 27185 110694 1124 186376 
I,II 14064 8753 11970 0 251 35038 
HIE,IVE 7933 6447 7285 0 518 22183 
Other III,IV 5487 4563 4817 0 331 15198 
V-VIII 26 100 183 0 24 333 
Great Plains 4210 15015 14199 41388 4071 78883 
I, II 3246 6574 6443 0 1764 18027 
HIE,IVE 776 6025 2279 0 1355 10435 
Other III,IV 161 2359 84 0 952 3556 
V-VIII 27 57 0 0 0 84 
North West 335 6235 3048 24515 319 34452 
I,II 77 1334 904 0 77 2392 
HIE,IVE 37 3424 499 0 97 4057 
Other III,IV 207 1460 830 0 131 2628 
V-VIII 14 17 21 0 14 66 
South West 1619 4753 1525 66289 55 74241 
I,II 709 2174 251 0 15 3149 
HIE, IVE 783 2505 1025 0 23 4336 
Other III,IV 99 37 105 0 7 248 
V-VIII 28 37 143 0 10 218 
^Including other hay and cropland pasture, 
zsumoer fallow lands and orchards and vineyards. 
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that their vastes are no longer demanded as a nitrogen source 
by the crop producers. The smaller shift in row crops, as 
compared to the close-grown crops, is indicative of the 
greater production of nutrients per acre by the row crops at 
a lower per unit cost as the two groups of commodities sub­
stitute in the livestock rations. 
A reduction of 20 percent in irrigated acreage occurs 
under the unrestricted soil loss model when compared to the 
1967 acreages. Tables 10 and 11. Irrigated row crops decline 
by 8 million acres and account for over 80 percent of the re­
duction in total irrigated acreage. The total irrigated 
acreage includes nearly 8 million acres of irrigated crops 
for which land was allocated prior to the model solution. 
Acreage utilization by land class 
Part of the reason for the reduced acreage required in 
2000 is the shift in production to the less erosive and more 
productive class I and II lands relative to the cropping pat­
terns indicated for 1967. Nearly 73 percent of the row crops 
under the unrestricted soil loss alternative are grown on the 
class I and II lands compared to about 62 percent in 1967. 
For the close-grown crops 55 percent of the acreage is on 
class I and II lands under the unrestricted soil loss model 
compared with approximately 50 percent in 1967. Part of the 
shift is a result of the lower total acreage in production 
and most of the acres not in use in 2000 are in the more 
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Table 10. Irrigated crop acreages in major zones by soil class in 1967,^ 
Zone and Close All 2 
hay 
3 
Pasture Other^ soil class Row grown Total 
(000 acres) 
United States 16085 6801 12079 3010 1998 39973 
I, II 11763 3771 4622 759 1151 22066 
HIE, IVE 2108 978 2275 633 299 6293 
Other III-IV 2108 1968 4032 992 513 9613 
V-VIII 106 84 1150 626 35 2001 
North Atlantic Not available 
I, II 
HIE, IVE 
Other III-IV 
V-VIII 
South Atlantic Not available 
I, II 
HIE, IVE 
Other III-IV 
V-VIII 
North Central 68 1 7 0 0 76 
I, II 42 1 6 0 0 49 
HIE, IVE 2 0 0 0 0 2 
Other III-IV 24 0 1 0 0 25 
V-VIII 0 0 0 0 0 0 
South Central 2506 1168 715 180 118 4687 
I, H 2112 701 332 109 103 3357 
HIE, IVE 285 90 18 52 15 460 
Other III-IV 99 371 363 5 0 838 
V-VIII 10 6 2 14 0 32 
Great Plains 4889 1805 6545 1628 53 14920 
I, H 3698 882 2107 236 19 6942 
HIE, IVE 677 428 1526 422 20 3073 
Other III-IV 476 449 2074 535 12 3546 
V-VIII 38 46 839 435 2 1359 
North West 1801 1545 3513 872 949 8680 
I, II 957 585 1378 275 582 3777 
HIE, IVE 188 253 613 71 154 1279 
Other III-IV 639 683 1229 396 193 3140 
V-VIII 17 24 293 130 20 484 
South West 6821 2282 1299 330 878 11610 
I> II 4954 1602 799 139 447 7941 
HIE, IVE 956 207 118 88 110 1479 
Other III-IV 870 465 365 56 308 2064 
V-VIII 41 8 17 47 13 126 
^Source: (56). 
gIncludes rotation hay, other hay and cropland pasture. 
^Includes permanent pasture, rangeland and forest grazed. 
Includes summer fallow, orchards and vineyards. 
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Table 11. Irrigated acreages in major zonss with 
unlimited soil loss and 69-71 average exports 
in 2000 (Model &) . 
Zone and 
soil class Row 
Close 
grown 
All 
hayi Pasture Otkerz Total 
(000 acres) 
United States 9246 5330 12402 2921 1519 31518 
I,II 6961 2184 5108 0 348 15201 
IIIE,IVE 1282 851 598 0 205 2936 
Other III,IV 980 2291 600 0 444 4315 
V-VIII 23 4 2 0 22 51 
North Atlantic 0 0 0 0 0 0 
I,II 0 0 0 0 0 0 
IIIE,IVE 0 0 0 0 0 0 
Other III,IV 0 0 0 0 0 0 
V-VIII 0 0 0 0 0 0 
South Atlantic 0 0 0 0 0 0 
I,II 0 0 0 0 0 0 
IIIEflVE 0 0 0 0 0 0 
Other III,IV 0 0 0 0 0 0 
V-VIII 0 0 0 0 0 0 
North Central 2U 0 435 0 0 459 
I,II 22 0 326 0 0 348 
IIIE,IVE 2 0 0 0 0 2 
Other III,IV 0 0 109 0 0 109 
V-VIII 0 0 0 0 0 0 
South Central 1156 880 262 0 92 2390 
I, II 888 524 161 0 91 1664 
IIIE,IVE 160 64 77 0 1 302 
Other III,IV 108 289 4 0 0 401 
V-VIII 0 3 2 0 0 5 
Great Plains 3302 1177 6852 472 8 11811 
I, II 2506 633 2410 0 3 5552 
IIIE.IVE 472 376 157 0 3 1008 
other III,IV 318 168 380 0 2 868 
V-VIII 6 0 0 0 0 6 
North West 1405 1528 2631 2381 701 8646 
I,II 914 617 1141 0 450 3122 
IIIEflVE 149 318 349 0 100 916 
Other III,IV 329 592 94 0 140 1155 
V-VIII 13 1 0 0 11 25 
South West 3359 1745 2222 68 318 8212 
I,II 2631 410 1070 0 404 4515 
IIIE,IVE 499 93 15 0 101 708 
Other III,IV 225 1242 13 0 302 1782 
V-VIII 4 0 0 0 11 15 
^Including other hay and cropland pasture, 
zsummer fallow lands and orchards and vinayards. 
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erosive land classes. During the period 1960-1972, approxi­
mately 50 million acres of land have been withdrawn from pro­
duction under the government's farm programs and the land not 
farmed was not selectively allocated to the more erosive, 
less productive lands as farmers were encouraged to rotate 
the retired acres on their farms. In this study the land 
historically retired is allowed to return to use and the more 
productive of it will replace the less productive lands 
formerly in use on more than a 1:1 basis. 
Little change is shown in the land class concentration 
of the irrigated row crops with 73 percent of the 2000 and 73 
percent of the 1967 production being on the class I and II 
lands. Tables 10 and 11, respectively. For the irrigated 
close-grown crops there is a lower percent on class I and II 
lands in 2000 (41 percent) than in 1967 (55 percent). Part 
of the reason for the reduction in close-grown crops on class 
I and II lands is the greater quantity of these lands used 
for the exogenous crops which were allocated prior to the so­
lution of the model and the row crops having the productive 
advantage on the class I and II lands remaining. Supporting 
this is the data in Table 11, which indicates that there is 
essentially no class I and II land, capable of being irrig­
ated, that is not used in 2000. 
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Regional land use patterns 
A second factor contributing to the reduced total acre­
age required is the ability for the production of crops and 
livestock to shift to areas of greatest comparative advan­
tage. The South Central Begion will have 31.8 percent of the 
dryland acreage in 2000 compared with 25.7 percent in 1967. 
Other zones which will have increases in the proportion of 
the dryland acreage in 2000 when compared to 1967 include 
(with 1967 percentage in parentheses) the North Central with 
26.8 percent (19.5 percent) and the South Atlantic with 7.0 
percent (5.7 percent). The Great Plains zone has a reduction 
in total dryland acreage to 13.5 percent of the total com­
pared to 26.2 percent in 1967. 
Considering only the dryland acreage of row crops, the 
North Central with 65.4 percent, the South Central with 19.8 
and the South Atlantic with 7.7 percent account for nearly 93 
percent of all the dryland row crop acreage in the nation. 
Figure 12. In 1967, these same zones accounted for 88 per­
cent of the dryland acreage of row crops in the nation. 
These shifts are consistent with the dryland yields of the 
regions as the North Central has the yield advantage for corn 
and soybeans and the South central and South Atlantic regions 
being higher yielding areas for dryland cotton, soybeans and 
sorghum (96). 
Less than 
500,000 acres 
Dryland 
Irrigated 
Figure 12. Location of dryland and irrigated row crops in 
2000 under no soil loss restriction and 69-71 av­
erage level exports 
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For the close-grown crops the concentration is to the 
South central with 28.3 percent, the North Central with 27.7 
percent and the Great Plains with 21.4 percent of the nation­
al acreage. These zones account for over 85 percent of the 
dryland close-grown crops compared to only 77 percent in 
1967, Figure 13. These same three zones account for over 87 
percent of the dryland hay acreage in 2000 as represented by 
the unrestricted soil loss alternative compared to 78 percent 
of the dryland hayland in 1967, Figure 14. 
The regional production patterns of the irrigated crops 
do not show changes similar to those which occured for the 
dryland crops. 
Distribution of idled lands 
The regional shifts in production coupled with the 
shifts in cropping patterns and land use have left over 97 
million acres of cultivated land idled. Table 12. These 
lands are distributed over the nation with heavier concentra­
tions in the Western Great Plains areas. Figure 15. The 97 
million acres of cropland idle compares to approximately 50 
million acres which were idled annually during the 1960*s. 
Some of the 57 million acres of increased idled land repre­
sents summer fallow lands formerly allocated to the cropped 
lands in conjunction with the close-grown crops, especially 
in the Western Great Plains area. The remainder of the in-
o • 
f o 
o # 
o; 
500,000 
acres 
Less than 
500,000 acres 
Dryland 
Irrigated • a 
Figure 13. Location of dryland and irrigated close-grown crops in 2000 under no 
soil loss restriction and average level exports 
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O »— 
500,000 
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Less than 500,000 
acres 
Dryland 
Irrigated a • 
Figure T4. ^Location of dryland and irrigated hay in 2000 under no soil loss 
restriction and 69-71 average level exports s 
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Table 12. Oaased land in major zones with unlimited soil 
loss and 69-71 average exports in 2033 (Model 
A). 
Zone and 
soil class 
Cults. 
Dry 
_tand__ 
Irrig. 
Pasture 
Dry 
S other* 
"Ïrrlg7 Total 
(000 acres) 
413478 United States 94647 2795 315548 483 
I,II 14541 244 0 0 14785 
IIIEflVE 38356 982 0 3 39338 
Other III,IV 29043 1323 0 0 30366 
V-VIII 12707 246 0 0 12953 
North Atlantic 7913 0 5766 3 13679 
I,II 1860 0 0 0 1860 
IIIEflVE 2696 0 0 3 2696 
other III,IV 2577 0 0 3 2577 
V-VIII 780 0 0 0 780 
South Atlantic 7797 0 9597 3 17394 
I,II 1361 0 0 3 1361 
IIIE,IVE 2570 0 0 0 2570 
Other III,IV 2984 0 0 3 2984 
V-VIII 882 0 0 0 882 
North Central 260 14 3 16956 0 42973 
I,II 3217 0 0 3 3217 
IIIEflVE 9293 0 0 0 9293 
other III,IV 9752 3 0 3 9755 
V-VIII 3752 0 0 3 3752 
South Central 11000 51 58889 180 70120 
I, II 11 2 0 3 13 
IIIE,IVE 3149 18 0 0 3167 
Other III,IV 5229 25 0 0 5254 
V-VIII 2611 6 0 3 2617 
Great Plains 33240 1371 144230 1163 180004 
I,II 7764 0 0 0 7764 
IIIEflVE 17065 563 0 3 17628 
Other III,IV 4514 722 0 0 5236 
V-VIII 3897 86 0 3 3983 
North West 3408 899 22703 -1209 25801 
I,II 49 80 0 0 129 
IIIEflVE 1950 227 0 3 2177 
Other III,IV 1068 491 0 3 1559 
V-VIII 341 101 0 0 442 
South West 52 75 471 57407 354 63507 
I,II 279 162 0 3 441 
IIIE,IVE 1633 174 0 0 1807 
Other III,IV 2919 82 0 3 3001 
V-VIII 444 53 0 0 497 
iNot available by soil class. 
i '  
I  . ' • 
= 100,000 acres 
Figure 15. Location of unused cultivated land in 2000 under no soil loss 
restriction and 69-71 average level exports 
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crease in idle lands results from the yield increases and the 
land class and regional production shifts which have in­
creased the productivity of the acres cultivated more than 
the commodity demands have increased, given the constant 
level of exports and the moderate rate of population growth. 
The data from Table 12 indicates that only 15.2 percent of 
the idle lands are on the more productive class I and II 
lands as compared to 65.7 percent of all lands which are in­
cluded in the available cultivated acreage. Thus, any 
further demand would not have equally productive acres and 
national average yields would decline. The effects of an in­
creased demand for feed grains is examined later in the 
export analysis and implications for the productivity of the 
remaining acres examined. The following section examines the 
interactions occurring within the agricultural sector as the 
soil loss limitations are imposed. 
Production Patterns with Restrictions on Soil Loss 
Restrictions on soil loss are simulated using three 
models in conjunction with the unrestricted soil loss model. 
The data is presented as observations along a continuum such 
that points intermediate to the observations might be 
approximated by interpolation between the two most adjacent 
points. The analysis will cover the trade-offs in soil loss, 
land use, production alternatives and resource use as the 
level of per acre soil loss is reduced. 
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Soil loss levels 
Evaluation of a possible redaction in soil loss from 
cultivated lands is the major thrust of this study and the 
level of soil loss will be examined for the alternative re­
strictions from both the national and regional levels. With­
in each of these levels the soil loss will be examined by 
soil class and conservation practice. 
The level of total soil loss declines as the limit on 
per acre soil loss is reduced. Agriculture under the unre­
stricted alternative releases 2,677 million tons of soil from 
cultivated lands. Table 13. This decreases to 1,132 million 
tons under the 10 ton restriction. Table 14, to 726 million 
tons under the 5 ton restriction. Table 15 and to 438 million 
tons under the 3 ton restriction. Table 16. Within these al­
ternatives soil loss reduction ranges from 92 percent between 
the unrestricted alternative and the 3 ton restriction to 36 
percent between the 10 ton restriction and the 5 ton restric­
tion. If, per chance, the 10 ton restriction was to approxi­
mate what farmers accomplish under present management of 
their lands and the 5 ton restriction was a first approxima­
tion of an action to control erosion, then the reduction of 
soil loss would be near 406 million tons. 
The data in Tables 13, 14, 15 and 16 indicate the total 
soil loss by the 7 regions in the nation for the alternative 
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Tnhle 13. Total soil erosion on cultivated lands in major 
zones with unlimited soil loss and average level 
exports in 2000 (^*odel A).l 
land Class 
Zone other 
Ml m E-1VE lll-IV V-•VI 1 1 Total 
(rni 1 1 ion tons) 
l.initer! States 1100 1073 491 13 2677 
''orth Atlantic 35 11 --- — — 46 
nr>uth Atlantic 168 81 21 — — 270 
N'Ttfi Centrnl 521 479 86 — — 1086 
Couth Central 285 413 376 13 1087 
^'reat Plains 64 52 5 -- 121 
."orth "est G 13 2 — — 26 
South '.'est 21 19 1 — — 41 
Icnr all cultivated crons including rotation hay. 
Table 14. Total soil erosion on cultivated lands in major 
zones with 10 maximum soil,loss and average 1 evel 
exports in 2009 (Model 
Land Class 
Zone othe r 
Ml IIIE-IVE III-IV V-VI 1 1 Total 
(ni11 ion tons) 
Ur i te i S tatos 720 277 135 1132 
\'orth 't Ian tic 22 — — — — — — - - - 22 
:outh Atlantic 60 5 5 - - - 70 
north Central 389 80 31 - — — 500 
South rentrai 169 126 91 - — — 386 
^rmat i'lains 52 36 5 - — — 93 
'•'nrth "iGSt 6 11 2 - - - 19 
South ''ost 22 19 1 - - — 42 
^For all cultivated crops including rotation hay. 
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Table 15. Total soil erosion on cultivated lands In major 
zones with 5 ton maximum soil loss and average 
level exports In 2000 (Model C). 
Land Class 
Zone other 
1,11 iilE-IVE lll-IV V-VII! Total 
(ml 11 ion tons) 
United States 474 151 91 0 726 
North Atlantic 20 2 1 0 23 
South Atlantic 28 3 3 0 34 
North Central 257 44 19 0 320 
South Central 114 65 59 0 238 
Great Plains 33 18 2 0 53 
North West 7 11 2 0 20 
South l'est 15 18 5 0 38 
Ipor all cultivated crops including rotation hay. 
Table l u .  Total soil erosion on cultivated lands In major 
zones with 3 ton maximum soil loss and average 
level exports In 2000 (Model D).l 
Land Class 
Zone other 
1,11 IIIE-IVE lll-IV V-VIII Total 
(mi 11 Ion tons) 
United States 335 111 36 0 483 
.North Atlantic 11 10 0 0 21 
South Atlantic 17 1 1 0 19 
îJorth Central 189 36 16 0 241 
South Central 71 43 13 0 127 
Great Plains 33 16 3 0 52 
North V/est 6 6 2 0 14 
South "West 9 9 1 0 19 
Ipor all cultivated crops including rotation hay. 
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restriction levels. Under the unrestricted alternative. 
Table 13, the North Central and South central regions have 
the largest erosion levels accounting for 81 percent of the 
total national erosion. This reduces to 78 percent under the 
10 ton restriction. Table 14, to 77 percent under the 5 ton 
restriction. Table 15, and finally to 76 percent under the 3 
ton restriction. Table 16. The South Atlantic region ac­
counts for 10 percent of the national soil loss under the un­
restricted alternative and is reduced to only 4 percent under 
the 3 ton restriction. The Great Plains area has the offset­
ting change in soil loss as it accounts for under 5 percent 
of the national total with the unrestricted alternative and 
11 percent under the 3 ton restriction. Even though the 
class I and II lands are characterized by their low suscepti­
bility to erosion, these lands have the largest contribution 
to total erosion in all models and all regions except the 
South Central zone under the unrestricted soil erosion alter­
native. 
On a per acre basis at the national level, the soil loss 
decreases from 9.9 tons under the unrestricted alternative to 
4.3 tons under the 10 ton restriction, to 2.8 tons under the 
5 ton restriction and to 1.9 tons under the 3 ton restric­
tion, Table 17. These average per acre soil loss levels do 
not correspond closely to the set limit as the programming 
procedure utilized and size restraint on the model did not 
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Table 17. Average per acre soil loss by region for alterna­
tive soil loss restrictions in 2000. 
Region Soil loss restriction 
unrestr i cted 10 ton 5 ton 3 ton 
(tons per acre) 
notional 9.9 4.3 2.8 1.9 
Dorth Atlantic 9.0 4.9 3.5 2.0 
South Atlantic 21.5 5.4 3.3 2.2 
fîorth Central 9.2 4.3 2.8 2.0 
South Central 15.1 5.6 3.6 2.2 
-reat Plains 3.2 1.7 1.5 1.2 
lorth West 2.3 1.7 1.7 1.2 
South 'vest 3.3 3.3 2.6 1.6 
Table 18. National average per acre soil loss by land class 
for alternative soil loss restrictions in 2000. 
Region 
unrestricted 
Soil loss restriction 
10 ton 5 ton 3 ton 
(tons per acre) 
Average 9.9 4.3 ro
 
C
O
 
1.9 
Class 1 & II 6.2 4.1 2.7 1.9 
Class 1II : h 
1 VE 17.8 5.1 3.1 2.0 
Other III & IV 15.G 4.4 2.8 1.5 
Class '-''l 1 1 28.5 1.8 1.5 1.5 
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provide a close approximation to the continuum of soil losses 
available if all possible rotations and conservation-tillage 
practices are considered in each area. Also, if a soil loss 
limit is imposed the most economical method of obtaining the 
required reduction may reduce soil loss to a level below the 
level of the restriction. The per acre soil loss varies from 
21.5 tons in the South Atlantic under the unrestricted alter­
native to 1.2 tons in the Great Plains and Northwest zones 
under the 3 ton restriction. Table 17. Under the unrestrict­
ed alternative the per acre soil loss is above the national 
average in both the South Atlantic and South Central zones. 
The limitations on soil loss affect the per acre soil loss in 
each region to a different degree. However, the initial re­
striction to 10 tons results in large declines in all zones 
as the excessively erosive alternatives are eliminated. The 
reductions in the South Atlantic region, from the unrestrict­
ed alternative to the 10 ton restriction, is 15.1 tons per 
acre or 70 percent, other zones with large declines include 
the South Central with a 9,5 ton or 63 percent decline, the 
North Central with a 5.1 ton or 57 percent decline and the 
North Atlantic with a 4.9 ton or 53 percent decline. The 
other zones had average soil loss levels well below even the 
10 ton limit and the declines were of less than 50 percent. 
This low level of soil loss for the more arid Western zones 
is consistent with their low annual runoff rates. The per 
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acre declines from the 10 ton restriction to the 5 ton re­
striction are consistently less than the 50 percent redaction 
in the restrictions. Thus the actual levels are closer to 
the restriction level than under the 10 ton restriction, but 
they are, none the less, veil below the 5 ton value, 3.6 tons 
per acre in the South Central is the closest. Similarly, the 
declines in average per acre soil loss from the 5 ton re­
striction to the 3 ton restriction are less than 
proportionate to the change in the restriction. 
The data in Table 18 indicate the per acre soil loss by 
land class under the alternative soil loss restrictions. 
This data indicates the relative erosiveness of the alterna­
tive land classes and their response to the soil loss limita­
tions. The class I and II lands have the lowest per acre 
rate of soil loss under the unrestricted alternative even 
though, due to their large acreage, they have the largest 
loss in total tonnage. The per acre soil loss from land 
class group V-VIII declines immediately upon the implementa­
tion of a restriction on soil loss from 28.5 tons per acre 
under the unrestricted alternative to less than 2 tons per 
acre. This drastic reduction in per acre soil loss, when 
compared to the other land classes, indicates that if a re­
striction is imposed at the 10 ton or less level, the conser­
vation practices required to maintain use of the lands are 
also consistent with a soil loss level approaching the natu­
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ral rate. After land group V-VIII, the IIIE and IVE soil 
class group is the most erosive. Table 18. This is consist­
ent with the "E" sub code of their classification which indi­
cates erosion as the most serious limitation to production 
under the production possibilities consistent with class III 
and IV lands. 
Regionally, the most erosive lands under the unrestrict­
ed model are the IIIE and IVE lands in the South Atlantic 
zone with an annual average soil loss of 10.6 tons per acre. 
Table 19. In this region the more erosive class V-VIII lands 
have not been brought into agricultural production. The next 
most erosive lands are the V-VIII lands in the South Central 
zone with 47.6 tons of soil loss per acre. As the restric­
tion on soil loss is imposed the more erosive V-VIII lands 
either drop to low levels of erosion or out of production 
while the lands in the IIIE and IVE group experience soil 
losses nearer the limit than any of the other lands. Tables 
19, 20, 21 and 22. By the time the soil loss restriction is 
reduced to the 3 ton level most regions and soil groups are 
experiencing erosion rates between 1 and 3 tons or are not 
included in the cultivated land base. These unused lands 
will still be experiencing soil erosion but the erosion rate 
will not be accelerated due to cultivation and all data on 
soil loss in the tables relate only to the erosion from lands 
directly related to the production of the endogenous agricul-
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Table 19. Per acre soil erosion on cultivated lands in major 
zones with unlimited soil loss and average level 
exports In 2000 (Model A). 
Land Class 
Zone 
1,11 IIIE-IVE 1 
other 
1 1 -1V V-VI Average 
(tons per acre) 
United States 6.2 17.8 15.6 28. 5 9.9 
I-'orth Atlantic 7.8 18.0 0 0 9.0 
South Atlantic 1G.5 50.6 20.4 0 21.5 
ilorth Central 5.6 29.2 11.0 0 9.2 
South Central 3.1 18.8 2R.2 47. 6 15.1 
Ireat Plains 2.8 2.4 1.2 !) 3.2 
''orth 'iest 1.5 4.0 0.8 6. 9 2.3 
South 'est 3.4 3.9 Û .  6  1. 7 3.3 
Table 20. Por acre soil erosion on cultivated lands In major 
zones with 10 ton maximum soil loss and average 
love! exports In 2000 (Model B). 
Land Class 
Zone other 
1,11 IIIE-IVE II I-I y V-VIII Average 
(tons per acre) 
United States 4.1 5.1 4.4 1. 8 4.3 
'iorth Atlantic 4.9 9.1 2.8 0 4.9 
oouth Atlantic 5.2 8.7 5. i 0 6.4 
Nor til Central 4.2 5.6 4.2 0 4.3 
South Central 4.8 6.4 6.4 2. 1 5.6 
Great Plains 2.3 3.3 1.2 0 1.7 
'Iorth -Jest 1.5 2.6 0.8 2. 5 1.7 
Couth ./est 3.4 3.9 0.6 1. 7 3.3 
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Table 21. 'er acre soil erosion on cultivated lands in major 
zones with 5 ton maximum soil loss and average 
level exports In 2000 (Model C). 
Land Class 
Zone other 
1,11 IIIE-IVE III-IV V-VIII Average 
( tons per acre) 
United States 2.7 3.1 2.8 1.5 2.8 
iJortli Atlantic 3.5 4.4 2.5 0 3.5 
South Atlantic 3.3 3.7 3.4 0 3.3 
North Central 2.7 3.4 2.6 0 2.8 
South Central 3.2 4.0 4.2 1.2 3.6 
:ireat Plains 1.5 1.8 0.5 0 1.5 
i'orth u'est l.G 2.1 0.9 2.1 1.7 
South West 2.3 2.0 0.7 1.7 2.6 
Table 22. Per acre soil erosion on cultivated lands in major 
zones with 3 ton maximum soil loss and average 
level exports in 2000 (Model D). 
Land Class 
Zone 
1,11 IIIE-IVE 1 
other 
II-IV V-VI11 Average 
( tons per acre) 
United States 1.9 2.0 1.5 1.5 1.9 
North Atlantic 2.0 1.7 2.2 0 2.0 
South Atlantic 2.2 2.5 2.1 0 2.2 
'.'orth Central 2.0 2.3 1.7 0 2.0 
South Central 2.1 2.4 2.2 1.3 2.2 
"reat Plains 1.3 1.3 0.7 0 1.2 
North West 1.4 1.3 0.8 0.7 1.2 
South V.'est 1.4 2.2 0.6 1.6 1.6 
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tarai crop commodities. Much of the reduction in soil loss 
results from the lower level of erosion from the lands re­
ceiving the alternative conservation-tillage practices. 
The conservation-tillage practices play an important 
role in controlling the per acre soil loss and the soil loss 
by these practices varies as the production shifts to the 
most economical practices capable of giving the desired level 
of control. The data in Table 23 indicates that under the 
unrestricted soil loss alternative the straight row tillage 
practices have the highest soil losses with the supporting 
conservation practices not having significant soil losses, 
when the acreages begin to shift to the conservation prac­
tices the per acre soil losses associated with the alterna­
tive conservation practices become large relative to the 
straight row alternatives. Tables 19, 20, 21 and 22. Only 
the nonerosive lands, so either because of the land charac­
teristics or the rainfall runoff patterns, continue to be 
farmed under straight row practices. The per acre soil loss 
under these conditions is low giving an average for the 
straight row method below the stated limit and below the 
levels on the lands receiving conservation practices. The 
erosive lands incorporate the conservation practices and re­
duce soil loss from the straight row levels. The inclusion 
of the aore erosive acres in these categories increases the 
average soil loss per acre. The control methods result in 
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Table 23. PAr acre soil loss by conservati on-ti1tage 
practice for alternative soil loss restri ctions 
in 2G00. 
Conservation So il loss restr iction 
tillage unrestricted 10 ton 5 ton 3 ton 
(tons per ac re) 
Conventional tillage 
straight row 10.9 3.4 2.5 1.4 
contoured 0.8 4.8 3.1 2.1 
strip cropped or 
terraced 0.3 5.7 3.3 2.0 
Reduced tillage 
straight row 5.3 4.7 2.7 1.9 
contoured 0.0 5.5 3.7 2.4 
strip cropped or 
terraced 0.0 7.4 2.9 2.5 
Table 24. National production of row crops, close-grown 
crops, rotation roughage crops and permanent 
rouçhage crops under alternative soil restriction 
levels in 2000. 
Land use Sop lp?s restriction 
unrestricted 13 ton 5 ton 3 ton 
(000 acres) 
Acres cultivated 269113 261564 258882 258058 
row crops 148226 141415 136035 134440 
close-grown crops 75535 74309 73478 72813 
rotation roughage 
crops 45352 45840 49369 50805 
Permanent roughage 
crops 359360 3417G4 346640 351207 
Summer fallow and 
exogenous crops 9306 3471 7788 8801 
Total agricultural 
1 ands 617779 611799 613310 618066 
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per acre soil losses nearer the associated restriction level 
than those existing on the nonerosive lands still farmed 
under straight row techniques. Table 23. 
Imposing an upper limit on per acre soil loss can be 
used as a mechanism to reduce total soil loss by region and 
by land groups. The changes vary by region with the South 
Central, South Atlantic and North Central zones showing the 
largest changes especially on the more erosive land groups. 
Thus, given a legislatively controlled societal welfare func­
tion, a position can be chosen along the continuum of soil 
loss which is capable of reducing the levels of sheet and 
rill erosion from cultivated lands. The impacts on the loca­
tion of production and the method of production is affected 
by the determined soil loss restriction level and are the 
subject for the following section. 
Agricultural production patterns 
Given the decline in national soil loss levels as the 
upper limits on allowable soil loss are reduced, some shifts 
in the acreage and cropping patterns must occur as the 
farmers adopt less erosive rotations, select rotations con­
sistent with their program of erosion management or retire 
some of the highly erosive lands from the agricultural land 
base. For the purposes of comparing the cropping patterns 
and land use, the endogenously allocated crops are catego­
rized into three groups. The row crops category represents 
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corn, sorghum, cotton, soybeans and sugar beets; the close-
grown crops category represents barley, oats and wheat and 
the roughage cr sod crops category includes the hay crops 
grown on cultivated lands. As the cropping patterns change 
an adjustment in livestock rations will occur to provide for 
an additional level of flexibility in the agricultural plant. 
The national levels of production for each of the crop 
categories and permanent pasture are given in Table 24. The 
total acres cultivated declines as the level of allowable 
soil loss is reduced. The agricultural plant utilized 269 
million acres of cultivated cropland and 339 million acres of 
permanent hay or pasture land to meet the predetermined de­
mands with no soil loss restriction. As the soil loss re­
striction becomes more severe the cultivated acreage declines 
and the acres of permanent hay and pasture increase. The 
initial restriction to 10 tons per acre reduces the total 
land base by 6 million acres. As the soil loss restriction 
level is reduced more, the permanent roughage crops are 
utilized, offsetting the declining cultivated land base such 
that at the 3 ton restriction level the agricultural sector 
is utilizing approximately the same total acreage as under 
the unrestricted soil loss alternative. 
Row crops are located on 55 percent of all cultivated 
land under the unrestricted alternative and decline to 52 
percent of all cultivated lands under the 3 ton restriction. 
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The relative decline by row crops in proportion of all 
cultivated crops is offset by a proportionate increase in ro­
tation roughage crops. But, not all of the production lost 
from the reduced acreage will be replaced by the roughage 
crops. 
The data in Table 25 indicate the acres of cultivated 
land by conservation-tillage practice. The unrestricted al­
ternative concentrates 87 percent of the cultivated lands on 
the conventional tillage-straight row farming methods and 
this declines to 63 percent under the 10 ton restriction, to 
50 percent under the 5 ton restriction and to 36 percent 
under the 3 ton restriction. The lands which are no longer 
farmed under the conventional tillage-straight tow method 
switch to the contouring, strip cropping and terracing alter­
natives of the conventional tillage method and also to the 
alternatives within the reduced tillage method. 
Table 25. Acreages of cultivated land by conservation-
tillage practices for alternative soil loss 
restrictions in 2000. 
Conservation Soil loss restriction 
till age unrestr i cted 10 ton 5 ton 3 ton 
(OOO acres) 
Conventional tillage 247894 217313 201238 182585 
straight row 233475 165305 129120 93838 
contoured 11254 32553 37116 44986 
strip cropped 3165 19461 35002 43761 
Reduced till age 21210 44245 57644 75573 
straight ro"/ 21219 27092 24822 32281 
contoured 0 13830 18902 19955 
strip cropped 0 3323 13920 23337 
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Regionally, the change in acreage under conventional 
tillage and reduced tillage does not follow a set pattern but 
varies with the level of runoff in the area. The North 
Atlantic, Great Plains, North west and South West zones have 
almost an equal distribution of lands cultivated under both 
tillage alternatives for all levels of soil loss restriction. 
Tables 26, 27, 28 and 29. The distribution among the con­
servation practices and land classes is not identical for all 
zones under all soil loss restriction levels. In each region 
conventional-tillage switches to the contouring and strip 
cropping-terracing alternatives, but to varying degrees de­
pending on the erosive characteristics of the land in the re­
gion. The South Central and South Atlantic zones indicated a 
shift to reduced tillage and also experienced a decline in 
total acreage under any type of cultivation. The South 
Atlantic utilizes over 12 million acres of land under the un­
restricted soil loss alternative but this declines to 8.5 
million acres under the 3 ton restriction. The South Central 
region also experiences a decline in acreage cultivated to 
57.5 million acres under the 3 ton restriction. The data for 
the North Central zone indicates a shift in production pat­
tern, as the acres under reduced tillage increase from 19 
million acres to over 61 million acres, almost directly off­
setting the decline in the conventional tillage practices. 
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Table 25. Acreages under conservation practises in major 
zones with unlimited soil loss and 69-71 
average exports in 2000 (Model & ).* 
__Çonventional_tillage Reduçea_tillage 
Zone and Str. contour S. crop Str. Contour S. crop 
soil class row only terrace row only terrace 
(000 acres) 
United States 233475 11254 3165 21219 0 0 
I,II 145433 11039 2989 17318 0 0 
IIIE,IVE 57404 0 175 2774 0 0 
Other III,IV 30155 216 0 1128 0 0 
7-VIII 484 0 0 0 0 0 
North Atlantic 4074 0 0 1010 0 0 
I,II 3510 0 0 977 0 0 
IIIE,IVE 565 0 0 33 0 0 
Other 111,1V 0 0 0 0 0 0 
V- VIII 0 0 0 0 0 0 
South Atlantic 12549 0 0 0 0 0 
I, II 10172 0 0 0 0 0 
IIIE,IVE 1330 0 0 0 0 0 
Other III,IV 1047 0 0 0 0 0 
V-VIII 0 0 0 0 0 0 
North Central 83210 10431 0 19260 0 0 
I,II 67700 10431 0 1.5515 0 0 
IIIE,IVE 13703 0 0 2707 0 0 
Other III,IV 6807 0 0 1039 0 0 
V- VIII 0 0 0 0 0 0 
South Central 71261 0 0 550 0 0 
I, II 34757 0 0 427 0 0 
IIIE,IVE 21961 0 0 34 0 0 
Other III,IV 14264 0 0 89 0 0 
V-VIII 280 0 0 0 0 0 
Great Plains 33633 527 3165 399 0 0 
I,II 18856 527 2989 399 0 0 
IIIE,IVE 10647 0 175 0 0 0 
other III,IV 4130 0 0 0 0 0 
V- VIII 0 0 0 0 0 0 
North West 11166 296 0 0 0 0 
I, II 4172 80 0 0 0 0 
IIIE,IVE 4426 0 0 0 0 0 
other III,IV 2543 216 0 0 0 0 
V-VIII 26 0 0 0 0 0 
South West 12581 0 0 0 0 0 
I, II 6267 0 0 0 0 0 
IIIE,IVE 4772 0 0 0 0 0 
Other III,IV 1364 0 0 0 0 0 
V-VIII 178 0 0 0 0 0 
iFor all cultivated crops including rotation hay. 
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Table 27. Acreages under conservation practices in major 
zones with 10 ton maximum soil loss and 69-71 
average exports in 2000 (Model B ).* 
__Conzentional_tillage Reduçei_tillaie 
Zone and str. Contour S. crop Str. Contour s. crop 
soil class row only terrace row only terrace 
United States 
I,II 
HIE, IVE 
Other III,IV 
V-VIII 
North Atlantic 
I,II 
HIE, IVE 
Other III,IV 
V-VIII 
South Atlantic 
I,II 
HIE,IVE 
Other III,IV 
V-VIII 
North Central 
I,II 
HIE,IVE 
Other III,IV 
V-VIII 
South Central 
I, II 
HIE,IVE 
Other III,IV 
V-VIII 
Great Plains 
I, II 
HIE,IVE 
Other III,IV 
V-VIII 
North West 
I,II 
HIE, IVE 
Other III,IV 
V-VIII 
South West 
I,II 
HIE, IVE 
Other III,IV 
V-VIII 
165305 32553 
111950 22182 
36591 3862 
16527 6509 
237 0 
256U 133 
2485 133 
14 0 
65 0 
0 0 
4696 1802 
4567 1148 
78 475 
51 178 
0 0 
61984 13222 
51773 12751 
5970 0 
4241 471 
0 0 
41139 14247 
24886 5901 
11876 2702 
4334 5644 
43 0 
31194 2853 
17801 2168 
9470 684 
3923 0 
0 0 
11163 296 
4173 80 
4426 0 
2549 216 
16 0 
12565 0 
6265 0 
4758 0 
1364 0 
178 0 
(000 acres) 
19461 27092 
8339 22091 
8324 3677 
2799 1325 
0 0 
644 1208 
644 1195 
0 0 
0 14 
0 0 
4343 191 
3655 191 
0 0 
688 0 
0 0 
3519 22209 
0 18255 
3519 2916 
0 1039 
0 0 
8227 2875 
2057 1868 
4059 761 
2110 246 
0 0 
2728 609 
1983 582 
745 0 
0 26 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
13830 3323 
11344 22 
926 1289 
1560 2012 
0 0 
0 16 
0 0 
0 16 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
13277 1147 
10977 0 
740 1049 
1560 98 
0 0 
553 2159 
366 22 
186 223 
0 1914 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
ipor all cultivated crops including rotation hay. 
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Table 28. Acreages under conservation practices in major 
zones with 5 ton maximum soil loss and 69-71 
average exports in 2000 (Model C ).& 
__Çonveational_tillage Ee^aced^tiljaae 
Zone and Str. Contour S. crop Str. Contour S. crop 
soil class row only terrace row only terrace 
(000 acres) 
United States 129120 37116 35002 24822 18902 13920 
I,II 84478 27873 17769 19998 15962 9279 
IIIE,IVE 27577 8450 5681 3648 2851 3073 
Other III,IV 16836 793 11552 1176 89 1568 
V-VIII 228 0 0 0 0 0 
North Atlantic 2489 1370 2516 38 267 8 
I,II 2066 1365 2043 24 267 0 
IIIE,I7E 66 5 473 0 0 0 
Other III,IV 358 0 0 14 0 8 
V-VIII 0 0 0 0 0 0 
South Atlantic 3261 2845 2583 448 200 918 
I,II 2964 2552 1615 367 2 00 918 
IIIEflVE 246 0 475 0 0 0 
Other 111,1V 51 294 493 80 0 0 
V-VIII 0 0 0 0 0 0 
North Central 45299 16415 4744 21373 14650 11859 
I,II 36713 16266 3860 17136 12373 7680 
IIIE,IVE 4883 149 0 3155 2277 2618 
other III,IV 3703 0 884 1082 0 1560 
V-VIII 0 0 0 0 0 0 
South Central 27447 11998 20068 1709 3785 1135 
I, II 17510 54 92 7042 1220 3122 680 
IIIE,IVE 5894 6007 2932 489 574 455 
other III,IV 3926 499 10094 0 89 0 
V-VIII 117 0 0 0 0 0 
Great Plains 27330 2757 4025 1255 0 0 
I,II 14787 2184 3209 1251 0 0 
IIIE,IVE 8673 573 735 4 0 0 
other III,IV 3869 0 82 0 0 0 
V-VIII 0 0 0 0 0 0 
North West 9028 1509 1066 0 0 0 
I, II 4189 0 0 0 0 0 
IIIE,IVE 2642 1509 1066 0 0 0 
Other III,IV 2178 0 0 0 0 0 
V-VIII 19 0 0 0 0 0 
South West 14266 221 0 0 0 0 
I,II 6249 13 0 0 0 0 
IIIE,IVE 5173 207 0 0 0 0 
Other III,IV 2752 0 0 0 0 0 
V-VIII 93 0 0 0 0 0 
ipor all cultivated crops including rotation, hay. 
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Table 29. Acreages under conservation practices in major 
zones with 3 ton maximum soil loss and 69-71 
average exports in 2000 (Model D ).* 
__Çonventâonal_tillage_ Reduced_tillage 
Zone and Str. contour S. crop Str. Contour S. crop 
soil class row only terrace row only terrace 
(000 acres) 
United States 93838 44986 43761 32281 19955 23337 
I,II 62184 30709 28647 23994 12977 19265 
IIIE,IVE 19735 10407 12865 676 3 4480 940 
Other III,IV 11720 3866 2249 152 3 2498 3132 
V-VIII 199 3 0 0 0 0 
North Atlantic 2021 441 1673 14 92 1196 
I, II 1904 401 1673 14 79 1196 
IIIEflVE (*0 0 0 0 0 0 
Other III,IV 78 40 0 0 14 0 
V-VIII 0 0 0 0 0 0 
South Atlantic 1746 1533 2939 1271 693 344 
I, II 1610 1482 2482 1271 691 244 
IIIE,IVE 72 0 198 0 2 0 
Other III,IV 64 51 259 0 0 100 
V- VIII 0 0 0 0 0 0 
North Central 32559 17103 9227 26880 14973 19184 
I, II 27092 14195 7201 20554 9658 16388 
IIIE,IVE 3380 2575 1065 4805 2843 837 
Other III,IV 2087 332 961 1521 2473 1959 
V-VIII 0 0 0 0 0 0 
South Central 12277 18183 17729 2791 3998 2613 
I, II 9482 9961 9216 1164 2351 1437 
IIIE,IVE 1787 4992 7804 1627 1635 103 
Other III,IV 972 3227 709 0 12 1074 
V-VIII 36 3 0 0 0 0 
Great Plains 28413 1498 11569 706 199 0 
I,II 15003 1368 8074 703 199 0 
HIE, IVE 9010 130 3175 0 0 0 
Other III,IV 4400 0 320 3 0 0 
V-VIII 0 0 0 0 0 0 
North West 10952 712 624 0 0 0 
I,II 4178 80 0 0 0 0 
HIE, IVE 3997 416 624 0 0 0 
Other III,IV 2765 216 0 0 0 0 
V-VIII 12 0 0 0 0 0 
South West 5869 5517 0 618 0 0 
I,II 2915 3222 0 287 0 0 
HIE, IVE 1449 2294 0 331 0 0 
Other III,IV 1355 0 0 0 0 0 
V-VIII 151 0 0 0 0 0 
ipor all cultivated crops including rotation hay. 
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The data in Tables 2 6 ,  2 7 ,  28 and 29 also provide an in­
dication of the impact on the alternative land groups. The 
shift in farming practices on the more erosive lands is more 
complete. In most regions, especially those in the high 
rainfall areas of the nation, little of the land is farmed 
under conventional tillage-straight row relative to the con­
centrations indicated with the unrestricted alternatives. 
Nationally, 42 percent of the cultivated acres which were 
originally in conventional tillage-straight row remain thus 
handled through the 3 ton soil loss alternative. This com­
pares to 34 percent for the IIIE and IVE land group, 39 per­
cent for the other III and IV group and 41 percent for the 7-
7III lands. The V-VIII lands under conventional tillage-
straight row are concentrated in the South Best and shifts in 
tillage practices on these lands occurs in the other zones 
but the acreages are small and the South West zone dominates 
the total acreage in this land group. 
Associated with the shifts in conservation-tillage 
method is the shift between regions of the production base, 
shifts between the land classes and possible shifts between 
irrigated and rainfed agriculture. Comparing the trends in 
production patterns as the soil loss restriction is reduced 
indicates a reduction in row crop acreages, a similar number 
of acres of close grown crops and an increase in both the 
cultivated and permanent roughage crops. Table 24. As indi­
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cated in the section comparing the unrestricted model to the 
1967 production patterns there is a shift in production to 
the North Central and South Central zone. The data in Tables 
9, 30, 31, and 32 indicate the regional dryland production 
patterns and the relative use of the alternative land groups 
in making up the regional production patterns. 
Under all alternatives rev crop production concentrates 
in the North Central zone with only a 2 million acre reduc­
tion between the unrestricted alternative and the 3 ton re­
striction. The zone experiencing the largest shift in row 
crop production is the South Central, as its row crop acreage 
declines from 27.5 million acres under no soil loss restric­
tion, to 25.5 million acres under the 10 ton restriction, to 
23.1 million acres under the 5 ton restriction and to 19.2 
million acres under the 3 ton restriction. The South 
Atlantic zone also experiences a decline in row crop acreage 
but it amounts to only 2 million acres over the range of the 
soil loss restrictions. To compensate, partially, for the 
reduced acreages in the South Central and South Atlantic 
zones the Great Plains and South West zones undergo an in­
crease in row crop production. In the Great Plains the in­
crease in row crops is associated with an increased total 
acreage cultivated as the close-grown crops and hay also in­
crease in acreage. This is not the case in the South West 
where the increase of 1.6 million acres of row crops between 
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Table 30. Dryland acreages in major zones with 10 ton 
maximum soil loss and 69-71 average exports in 
2000 (Model B). 
Zone and 
soil class Bow 
Close 
grown 
All 
hay» Pasture Otherz Total 
(OOC 1 acres) 
United States 132636 68911 67289 304614 6852 580302 
I, II 101795 38804 27989 0 2021 170609 
HIE, I7E 15890 20701 16217 0 1388 54696 
Other III,IV 14734 9227 6016 0 2702 32679 
V-VIII 217 179 159 0 241 796 
North Atlantic 366 1 1225 1608 6888 295 13677 
I,II 3286 1191 499 0 137 5113 
IIIEflVE 119 20 5 0 81 225 
Other III,IV 241 n 0 0 45 297 
V-VIII 15 3 0 0 32 50 
South Atlantic 9647 2729 2006 23632 1505 39619 
I,II 7516 2240 1218 0 229 11203 
IIIE,IVE 636 123 47 0 70 876 
Other III,IV 1411 363 0 0 1166 2940 
V-VIII 84 3 0 0" 140 227 
North Central 87831 19117 17608 30304 215 155075 
I,II 73086 16271 6746 0 70 96173 
IIIE,IVE 739 1 2244 4842 0 54 14531 
Other III,IV 7328 584 112 0 70 8094 
V-VIII 26 18 0 0 21 65 
South Central 25503 19601 27248 111368 827 184547 
I, II 14050 8806 11848 0 251 34955 
IIIE,IVE 6143 6153 7498 0 221 20015 
Other III, IV 5287 4593 4884 0 331 15095 
V-VIII 23 49 0 0 24 96 
Great Plains 3937 15370 14310 41477 3536 78630 
I, II 2968 6898 6523 0 1242 17631 
HIE, IVE 781 6236 2310 0 1342 10669 
other III,IV 161 2179 84 0 952 3376 
V-VIII 27 57 0 0 0 84 
North West 335 6230 2994 24652 319 34530 
I,II 77 1334 905 0 77 2393 
HIE, IVE 37 3424 499 0 97 4057 
other III,IV 207 1460 831 0 131 2629 
V-VIII 14 12 16 0 14 56 
South West 1722 4639 1515 66293 55 74224 
I,II 812 2064 250 0 15 3141 
HIE,IVE 783 2501 1016 0 23 4323 
other 111,1V 99 37 105 0 7 248 
V-VIII 28 37 143 0 10 218 
^Including other hay and cropland pasture. 
^Summer fallow lands and orchards and vineyards. 
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Table 31. Dryland acreages in major zones with 5 ton 
maximum soil loss and 69-71 average exports in 
2000 (Model C) . 
Zone and Close All 
Total soil class Sow grown hay: Pasture Otherz 
(000 acres) 
584613 United States 128505 66732 72508 310699 6169 
I,II 100214 37178 31453 0 1601 170446 
IIIE,IVE 14076 20292 15322 0 1733 51423 
Other III,IV 1399 8 9070 8367 0 2594 34029 
V-VIII 217 192 142 0 241 792 
North Atlantic 4318 2491 2043 7098 295 16245 
I, II 3745 1975 564 0 137 6421 
IIIEflVE 125 502 30 0 81 738 
Other III,IV 433 11 109 0 45 598 
V-VIII 15 3 0 0 32 50 
South Atlantic 10065 870 2686 25222 1605 40448 
I,II 7712 552 1764 0 229 10257 
IIIE,IVE 687 123 165 0 70 1045 
Other III,IV 1582 192 0 0 1166 2940 
V-VIII 84 3 0 0 140 227 
North Central 84706 18756 19965 33820 215 157462 
I,II 70689 15854 9833 0 70 96446 
IIIE,IVE 7250 1979 4139 0 54 13422 
Other III,IV 6741 905 190 0 70 7906 
V-VIII 26 18 0 0 21 65 
South Central 23116 18773 27360 108031 637 177917 
I,II 15119 8582 10690 0 206 34597 
HIE, IVE 4497 5487 6581 0 76 16641 
Other III,IV 3477 4629 7019 0 331 15456 
V-VIII 23 75 52 0 24 174 
Great Plains 2708 14077 15495 41488 3043 76811 
I,II 2431 64 85 6988 0 807 16711 
HIE,IVE 178 5239 2864 0 1284 9565 
Other III,IV 72 2296 132 0 952 3452 
V-VIII 27 57 0 0 0 84 
North West 418 6285 3207 27687 319 37916 
I,II 160 1035 1058 0 137 2390 
HIE,IVE 37 4234 527 0 145 4943 
Other III,IV 207 1000 812 0 23 2042 
V-VIII 1 4 16 16 0 14 60 
South West 3174 5480 1752 67353 55 77814 
I, II 358 2695 556 0 15 3624 
HIE,IVE 130 2 2728 1016 0 23 5069 
Other III,IV 1486 37 105 0 7 1635 
V-VIII 28 20 74 0 10 132 
» Including other hay and cropland pasture, 
zsunner fallow lands and orchards and vineyards. 
140 
Table 32. Dryland acreages in major zones with 3 ton 
maximum soil loss and 69-71 average exports in 
2000 (Model 0). 
Zone and Close All 
soil class Row grown hay» Pasture Otberz Total 
(000 1 acres) 
United States 1279 2 5 66828 72858 313854 7182 588647 
I,II 102086 36623 33732 0 1795 174236 
IIIE,IVE 11792 22163 18800 0 2444 55199 
Other III,IV 13830 7864 2523 0 2702 26919 
V-VIII 217 178 130 0 241 766 
North Atlantic 3359 2089 2247 8315 295 16305 
I,II 2937 2050 799 0 137 5923 
IIIE, IVE 113 25 16 0 81 235 
other III,IV 294 11 0 0 45 350 
V-VIII 15 3 0 0 32 50 
South Atlantic 8549 736 2913 25615 1605 39418 
I,II 6944 469 1780 0 229 9422 
IIIE,IVE 353 123 50 0 70 596 
Other III,IV 1168 141 21 0 1166 2496 
V-VIII 84 3 0 0 140 227 
North central 88372 17652 23232 35810 215 165281 
I,II 74427 12870 10311 0 70 97678 
IIIE,IVE 5637 3355 6798 0 54 15844 
Other III,IV 8282 1409 249 0 70 10010 
V-VIII 26 18 0 0 21 65 
South Central 19196 19241 23017 105322 861 167637 
I, II 11762 9780 12066 0 285 33893 
IIIE,IVE 3771 7113 7160 0 221 18265 
Other III,IV 3640 2299 674 0 331 6944 
V-VIII 23 49 0 0 24 96 
Great Plains 4866 16720 16901 45113 3520 87120 
I,II 4442 7741 7277 0 982 20442 
IIIE, IVE 230 6425 3637 0 1586 11878 
Other III,IV 167 2497 594 0 952 4210 
V-VIII 27 57 0 0 0 84 
North West 341 6419 3200 26826 531 37417 
I,II 83 1321 911 0 77 2392 
IIIE,IVE 37 3612 606 0 409 4664 
Other III,IV 207 1470 880 0 131 2688 
V-VIII 14 16 9 0 14 53 
South West 3242 3971 1348 66853 55 75469 
I,II 149 1 2392 588 0 15 4486 
IIIE,IVE 1651 1510 533 0 23 3717 
Other III,IV 72 37 105 0 7 221 
V-VIII 28 32 121 0 10 191 
ÏIncluding other hay and cropland pasture, 
zsummer fallow lands and orchards and vineyards. 
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the unrestricted and 3 ton restriction alternatives is accom­
panied by a reduction of 0.8 million acres in close-grown 
crops and 0.3 million acres of hayland. 
In most zones the proportion of dryland row crops grown 
on classes I and II increases even if the total acreage is 
declining. The acreage of row crops on the class V-VIII lands 
is almost negligible in all zones and changes do not occur. 
The major shifts in row crop production occur in the IIIE and 
IVE land group and the other III and IV land group. The 
acreage on the IIIE and IVE group declines 47 percent 
nationally and the change in the production on this land 
group by zone is; -48 percent in the North Atlantic, -70 per­
cent in the South Atlantic, -50 percent in the North Central, 
-53 percent in the South Central, -70 percent in the Great 
Plains, no change in the North West and +110 percent in the 
South West where just over 1 million acres of this land group 
are shifted to row crop production from close-grown crops. 
Shifts in the use of the other III and IV land group are in 
the form of increased use for row crops except the South Cen­
tral zone which has a reduction of 34 percent (1.8 million 
acres) in dryland row crops on this land group as the soil 
loss restriction is reduced to the 3 ton level. Tables 9 and 
32. 
The national production of dryland close-grown crops de­
clines as the soil loss restriction level is reduced but the 
142 
total production change is not as great as for row crops. 
(Close-grown crop acreage in the 3 ton restriction is 96 per­
cent of the unrestricted acreage compared to 90 percent for 
the row crops.) There is little change in the percentage of 
the close-grown crops in classes I and II lands as the soil 
loss restriction is reduced. Under all alternatives the na­
tional distribution has between 55 and 56 percent of the 
close-grown crops on the class I and II land group. Region­
ally, the concentration of the close-grown crops in the less 
erosive class I and II lands under the 3 ton restriction. 
Table 32, varies as follows; the North Atlantic with 58 per­
cent, the South Atlantic with 64 percent, the North Central 
with 73 percent, the South Central with 51 percent, the Great 
Plains with 46 percent, the North Rest with 71 percent and 
the South West with 60 percent. The zones with the lower 
susceptibility to erosion (the Great Plains and North West) 
have the lowest proportion of the close-grown crops on the 
less erosive lands as their production patterns are more in­
fluenced by yield related factors in the row crop close-grown 
crop trade-off than by erosion control factors. 
Irrigated acreage of row crops declines as the soil loss 
restriction level is reduced. The unrestricted alternative 
has 9.2 million acres of irrigated row crops. Table 11, and 
this declines to 8.8 million acres under the 10 ton restric­
tion, Table 33, to 7.5 million acres under the 5 ton restric-
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Table 33. Irrigated acreages in major zones with 10 ton 
maximum soil loss and 69-71 average exports in 
2000 (Model B) . 
Zone and 
soil class Bow 
Close 
grown 
All 
hay» Pasture Otherz Total 
(000 acres) 
31497 United States 8779 5398 12780 2921 1619 
I,II 6787 2219 5400 0 948 15354 
IIIEflVE 1003 878 674 0 205 2760 
Other III,IV 966 2297 610 0 444 4317 
V-VIII 23 4 2 0 22 51 
North Atlantic 0 0 . 0 0 0 0 
I,II 0 0 0 0 0 0 
IIIE,IVE 0 0 0 0 0 0 
Other III,IV 0 0 0 0 0 0 
V- VIII 0 0 0 0 0 0 
South Atlantic 0 0 0 0 0 0 
I, II 0 0 0 0 0 0 
IIIE,IVE 0 0 0 0 0 0 
Other III,IV 0 0 0 0 0 0 
V-VIII 0 0 0 0 0 0 
North Central 12 0 446 0 0 458 
I,II 12 0 336 0 0 348 
IIIE,IVE 0 0 1 0 0 1 
Other III,IV 0 0 109 0 0 109 
V-VIII 0 0 0 0 0 0 
South Central 898 968 400 0 92 2358 
I, II 724 584 256 0 91 1655 
IIIE,IVE 70 92 119 0 1 282 
Other III,IV 104 289 5 0 0 398 
V-VIII 0 3 2 0 0 5 
Great Plains 3080 1179 7075 472 8 11814 
I,II 2471 636 2600 0 3 5710 
IIIEflVE 285 375 190 0 3 853 
Other III,IV 318 168 380 0 2 868 
V-VIII 6 0 0 0 0 6 
North West 1399 1532 2637 2381 701 8650 
I,II 918 615 1138 0 450 3121 
IIIE,IVE 149 318 349 0 100 916 
Other III,IV 319 598 103 0 140 1160 
V-VIII 13 1 0 0 11 25 
South West 3390 1719 2222 68 318 8217 
I,II 2662 384 1070 0 404 4520 
HIE, IVE 499 93 15 0 101 708 
Other III,IV 225 1242 13 0 302 1782 
V-VIII 4 0 0 0 11 15 
1Including other hay and cropland pasture, 
zsummer fallow lands and orchards and vinsyards. 
I k k  
Table 34. Irrigated acreages in mijor zones with 5 ton 
maximum soil loss and 69-71 average exports in 
2000 (Model C). 
Zone and 
soil class Bow 
Close 
grown 
All 
hay» Pasture Otherz Total 
( 0 0 0  acres) 
2 8 6 9 7  United States 7 5 3 0  6 7 4 6  1 2 0 9 4  7 0 8  1 6 1 9  
I ,  I I  5 9 7 1  3 2 9 4  4 7 3 5  0  9 4 8  1 4 9 4 8  
I I I E f l V E  6 0 6  1 2 2 3  6  0 8  0  2 0 5  2 6 4 2  
Other I I I , I V  9 3 0  2 2 2 7  6 4 7  0  4 4 4  4 2 4 8  
V - V I I I  2 3  2  0  0  2 2  4 7  
North Atlantic 0  0  0  0  0  0  
I r  I I  0  0  0  0  0  0  
I I I E , I V E  0  0  0  0  0  0  
Other 1 1 1 , 1 V  0  0  0  0  0  0  
V - V I I I  0  0  0  0  0  0  
South Atlantic 0  0  0  0  0  0  
I , I I  0  0  0  0  0  0  
I I T E , I V E  0  0  0  0  0  0  
Other I I I , I V  0  0  0  0  0  0  
V - V I I I  0  0  0  0  0  0  
North Central 8  0  4 5 6  0  0  4 6 4  
I ,  I I  8  0  3 4 0  0  0  3 4 8  
I I I E , I V E  0  0  0  0  0  0  
Other I I I , I V  0  0  1 1 6  0  0  1 1 6  
V - V I I I  . 0  0  0  0  0  0  
South Central 1 1 8 9  9 4 7  3 6 2  0  9 2  2 5 9 0  
I , I I  1 0 3 8  5 8 8  2 6 0  0  9 1  1 9 7 7  
I I I E , I V E  4 7  6 9  7 9  0  1  1 9 6  
Other I I I , I V  1 0 4  2  8 9  5  0  0  3 9 8  
V - V I I I  0  1  0  0  0  1  
Great Plains 2 8 8 5  1 4 3 3  6 9 4 8  5 1 1  8  1 1 7 8 5  
I , I I  2 3 0  1  8 2 2  2 4 0 0  0  3  5 5 2 6  
I I I E , I V E  3 3 6  4 4 8  2 5 4  0  3  1 0 4 1  
Other I I I , I V  2 4 2  1 6 3  3 8 5  0  2  7 9 2  
V - V I I I  6  0  0  0  0  6  
North West 1 5 6 3  1 4 6 6  2 3 9 1  1 4 6  7 0 1  6 2 6 7  
I , I I  1 0 3 8  6 2 8  9 4 5  0  4 5 0  3 0 6 1  
I I I E , I V E  1 5 3  3 0 8  2 6 0  0  1 0 0  8 2 1  
Other I I I , I V  3 5 9  5 2 9  1 3 2  0  1 4 0  1 1 6 0  
V - V I I I  1 3  1  0  0  1 1  2 5  
South West 1 8 8 5  2 9 0 0  1 9 3 7  5 1  8 1 8  7 5 9 1  
I ,  I I  1 5 8 6  1 2 5 6  7 9 0  0  4 0 4  4 0 3 6  
I I I E , I V E  7 0  3 9 8  1 5  0  1 0 1  5 8 4  
Other I I I ,  I V  2 2 5  1 2 4 6  9  0  3 0 2  1 7 8 2  
V - V I I I  4  0  0  0  1 1  1 5  
1 Including other hay and cropland pasture, 
zsummer fallow lands and orchards and vineyards. 
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Table 35. Irrigated acreages in major zones with 3 ton . 
maximum soil loss and 69-71 average exports in 
2000 (Model D). 
Zone and 
soil class Bow 
Close 
grown 
All 
hay: Pasture Otherz Total 
(000 acres) 
United States 6515 5985 12716 2584 1619 29419 
I, II 5056 2460 5108 0 948 13572 
IIIE,IVE 582 1241 751 0 205 2779 
Other III,IV 854 2282 757 0 444 4337 
V-VIII 23 2 0 0 22 47 
North Atlantic 0 0 0 0 0 0 
I, II 0 0 0 0 0 0 
IIIEflVE 0 0 0 0 0 0 
Other III,IV 0 0 0 0 0 0 
V-VIII 0 0 0 0 0 0 
South Atlantic 0 0 0 0 0 0 
I,II 0 0 0 0 0 0 
HIE, IVE 0 0 0 0 0 0 
Other III,IV 0 0 0 0 0 0 
V-VIII 0 0 0 0 0 0 
North Central 0 0 291 0 0 291 
I,II 0 0 175 0 0 175 
HIE, IVE 0 0 0 0 0 0 
Other III,IV 0 0 116 0 0 116 
V-VIII 0 0 0 0 0 0 
South Central 687 644 287 0 92 1710 
I,II 622 309 200 0 91 1222 
HIE, IVE 57 47 67 0 1 172 
Other III,IV 8 287 2 0 0 297 
V-VIII 0 1 0 0 0 1 
Great Plains 2038 1572 7874 466 8 11958 
I, II 1487 959 3263 0 3 5712 
HIE, IVE 303 419 331 0 3 1056 
Other III,IV 242 194 370 0 2 808 
V-VIII 6 0 0 0 0 6 
North West 1470 1487 2786 2046 701 8490 
I,II 902 636 1139 0 453 3127 
HIE,IVE 176 312 333 0 100 921 
Other III,IV 379 538 260 0 140 1317 
V-VIII 13 1 0 0 11 25 
South West 2320 2282 1478 72 818 6970 
I,II 2045 556 331 0 404 3336 
HIE,IVE 46 463 20 0 101 630 
Other III,IV 225 1263 9 0 302 1799 
V-VIII 4 0 0 0 11 15 
» Including other hay and cropland pasture. 
^Summer fallow lands and orchards and vineyards. 
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tion. Table 34, and to 6.5 million acr^s under the 3 ton re­
striction, Table 35. Irrigated close-grown crops increase 
about 1.4 million acres under the 5 ton restriction from 5.3 
million acres utilized under the less restrictive models. 
The irrigated acreage of close-grown crops declines to 6.0 
million acres under a 3 ton restriction. Irrigated hay 
remains near the 12 million acre level for all alternative 
soil loss restrictions. Total acres irrigated vary only 
slightly from the 31 million acres under the unrestricted al­
ternative reaching a low of 28.7 million acres under the 5 
ton restriction. 
The South Central and South West regions experience de­
clines in total irrigated acreage as the soil restriction is 
reduced. Tables 11, 33, 34 and 35; with most of the shifts 
being in the class I and II land group where the national de­
cline is 1.3 million acres. In the South Central region most 
of the decline in irrigated acres occurs in row crops on the 
more erosive lands. There is also a reduction of 0.2 million 
acres in close-grown crops. The South West has reductions of 
1.0 million acres in irrigated row crops and 0.8 million 
acres of irrigated hay which is partially offset by an in­
crease of 0.5 million acres of close-grown crops. The irrig­
ated land in the IIIE and IVE land group switches from the 
production of row crops to the production of the less erosive 
close-grown crops. 
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The changes in the production patterns both on the re­
gional and land class basis result in alterations in the dis­
tribution of the lands not utilized in the production of the 
projected agricultural bill. Onused land in the unrestricted 
soil loss alternative totals 415 million acres including 317 
million acres of unused permanent pasture. Table 12. The 10 
ton restriction has 421 million acres idled including 315 
million acres of unused permanent pasture. Table 36. The 5 
ton restriction reduces idle land to 418 million acres of 
which 310 million acres are idled permanent pasture. Table 
37. The 3 ton restriction reduces idle land to 415 million 
acres. Table 38, a level near the unrestrained model. Howev­
er, the idled land under the 3 ton restriction includes 108 
million acres of cropland as compared to the 97 million acres 
of cropland idled when no soil loss restriction is imposed. 
Comparing the data from Tables 12, 36, 37 and 38, most of the 
increase in idled cropland occurs on the more erosive lands 
and in the South Central (14.0 million acres more idled crop­
land) , and South Atlantic (4.0 million acres more idled crop­
land) zones. The Great Plains has a reduction in idled lands 
of 4.7 million acres and the North Central has a reduction of 
2.2 million acres as the per acre soil loss restrictions 
become more limiting. Thus, under the soil loss restriction 
alternatives, cultivated agriculture would shift from the 
South and Eastern zones of the nation to the acres in the 
148 
Table 36. Unused land in major zones with 10 ton maximum 
soil loss and 69-71 average exports in 2000 
(Model B). 
Zone and Çulti. _lana__ __Pastare_6_o&herL 
Total soil class Dry Irrig. Dry Irrig. 
(000 acres) 
419450 United States 102010 2982 313970 488 
I,II 15391 246 0 0 15637 
IIIEflVE 43855 1167 0 3 45022 
Other III,IV 29809 1323 0 0 31132 
V-VIII 12955 246 0 0 13201 
North Atlantic 8431 0 5696 a 14127 
I,II 1890 0 0 0 1890 
IIIEflVE 32 63 0 0 0 3263 
other III,IV 2498 0 0 0 2498 
V-VIII 7 80 0 0 0 780 
South Atlantic 9313 0 9557 3 18870 
I,II 1970 0 0 0 1970 
IIIEflVE 3347 0 0 0 3347 
other III,IV 3114 0 0 3 3114 
V- VIII 882 0 0 0 882 
North Central 28549 10 16427 0 44986 
I,II 3107 0 0 3 3107 
IIIEflVE 11509 0 0 0 11509 
other III,IV 10181 10 0 3 10191 
V-VIII 3752 0 0 3 3752 
South Central 13546 118 58128 180 71972 
I, II 94 2 0 0 96 
IIIE,IVE 5269 85 0 0 5354 
other III,IV 53 34 25 0 3 5359 
V-VIII 2849 6 0 3 2855 
Great Plains 33464 1489 144142 1163 180258 
I, II 8002 0 0 0 8002 
IIIEflVE 168 70 681 0 0 17551 
other III,IV 4695 722 0 0 5417 
V-VIII 3897 86 0 0 3983 
North West 3418 892 22617 -1209 25718 
I, II 49 80 0 0 129 
IIIE,IVE 1950 227 0 0 2177 
other III,IV 1068 484 0 0 1552 
V-VIII 351 101 0 3 452 
South West 52 89 473 57403 354 63519 
I,II 279 164 0 0 443 
IIIE,IVE 1647 174 0 0 1821 
other III,IV 2919 82 0 0 3001 
V-VIII 444 53 0 0 497 
I Not available by soil class. 
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Table 37. Unused land in major zones with 5 ton maximum 
soil loss and 69-71 average exports in 2000 
(Model C) . 
Zone and 
soil class 
Cult. 
"Dry Irrig. 
._Easture_S_otieri 
Dry Irrig. Total 
(000 acres) 
United States 104275 3397 307569 2690 417931 
I,II 15941 264 0 3 16205 
IIIE,IVE 471 16 1294 0 0 48410 
Other III,IV 28227 1624 0 0 29851 
V-VIII 12991 215 0 0 13206 
North Atlantic 6309 0 5250 0 11559 
I» II 582 0 0 0 582 
IIIEflVE 2750 0 0 0 2750 
Other III,IV 2197 0 0 0 2197 
V-VIII 7 80 0 0 0 780 
South Atlantic 10091 0 7951 0 18042 
I,II 2916 0 0 0 2916 
HIE, IVE 3178 0 0 0 3178 
Other III,IV 31 15 0 0 0 3115 
V-VIII 882 0 0 3 882 
North Central 29573 4 1301 6 0 42593 
I,II 28 34 0 0 0 2834 
HIE, IVE 12619 1 0 3 12620 
Other III,IV 10368 3 0 0 10371 
V-VIII 3752 0 0 0 3752 
South Central 16569 150 61466 183 78365 
I,II 128 2 0 0 130 
HIE, IVE 87 08 104 0 3 88 12 
Other III,IV 4963 35 0 0 4998 
V-VIII 2770 9 0 0 2779 
Great Plains 35412 1558 144012 1121 182103 
I,II 9090 15 0 3 9105 
HIE, IVE 17798 668 0 0 18466 
Other III,IV 4627 789 0 3 5416 
V- VIII 38 97 86 0 0 3983 
North West 2948 1218 19531 1019 24716 
I,II 1 12 80 0 0 192 
HIE,IVE 10 64 322 0 0 1386 
Other III,IV 1425 715 0 0 2140 
V- VIII 347 101 0 0 448 
South West 3373 467 56343 373 60553 
I,II 279 167 0 0 446 
HIE,IVE 999 199 0 0 1198 
Other III,IV 1532 82 0 3 1614 
V-VIII 563 19 0 0 582 
iNot available by soil class. 
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Table 38. Onused land in major zoues with 3 ton maximum 
soil loss and 69-71 average exports in 2000 
(Model D). 
Zone and 
soil class 
Cult.. 
"Dry 
_land__ 
Irrig. 
__Pasture_G_otheri 
Dry Irrig. Total 
(000 acres) 
415078 United States 105041 3352 303966 2719 
I,II 13355 432 0 0 13787 
IIIEflVE 43020 1479 0 0 44499 
Other III,IV 35683 1191 0 3 36874 
V-VIII 12983 250 0 0 13233 
North Atlantic 7559 0 394 2 0 11501 
I, II 1080 0 0 0 1080 
IIIE,IVE 3254 0 0 0 32 54 
Other III,IV 2445 0 0 0 2445 
V-VIII 780 0 0 0 780 
South Atlantic 11819 0 7253 0 19072 
I, II 3752 0 0 0 3752 
IIIE,IVE 3627 0 0 0 3627 
Other III,IV 3558 0 0 0 3558 
V-VIII 8 82 0 0 0 882 
North Central 238 25 166 10955 0 34946 
I,II 1612 162 0 0 1774 
IIIE,IVE 10196 1 0 0 10197 
Other III,IV 8265 3 0 0 8268 
V-VIII 37 52 0 0 0 3752 
South Central 25021 249 64075 180 89525 
I,II 1584 2 0 0 1586 
IIIE,IVE 70 08 206 0 0 7214 
Other III,IV 13580 32 0 0 13612 
V-VIII 2849 9 0 0 2858 
Great Plains 28521 1431 140506 1165 171623 
I,II 5163 26 0 0 5189 
IIIE,IVE 15561 575 0 0 16136 
Other III, IV 3900 744 0 0 4644 
V-VIII 3897 86 0 0 3983 
North West 2756 725 20392 1019 24892 
I,II 43 80 0 0 123 
IIIE,IVE 1345 222 0 0 1567 
Other III,IV 1016 321 0 0 1337 
V-VIII 352 102 0 0 454 
South West 5540 781 56843 355 63519 
I, II 1 21 162 0 0 283 
IIIE,IVE 20 29 475 0 0 2504 
Other III,IV 2919 91 0 0 3010 
V-VIII 471 53 0 0 524 
iNot available by soil class. 
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North Central and Northern Plains states. This shift corre­
sponds to moving from the high runoff-erosion susceptible 
areas to the lover runoff and less erosion-susceptible areas 
of the nation. Most of the increase in idled land is on the 
more erosive lands indicating some shift in utilization of 
the more productive lands in the class I and II lands to 
maintain output at the level consistent with the assumed de­
mands. 
Shifts in production patterns vary by crop type. The 
percent of the more erosive crops on the less erosive class I 
and II lands increases from 66.1 under the unrestricted soil 
less alternative to 67.7 percent under the 10 ton restric­
tion, to 68.2 percent under the 5 ton restriction and to 69.5 
percent under the 3 ton restriction. Table 39. The trend or 
shift to the less erosive lands for the individual crops is 
consistent with the relative susceptibility of the crops to 
erosion. The data in Table 39 indicates the percent of the 
acres of each crop which falls on the the class I and II 
lands for the alternative restriction levels. The more 
erosive crops such as cotton, soybeans and the silages 
undergo a large shift to the class I and II lands while the 
less erosive crops such as barley, wheat and nonlegume hay 
have a reduction in the percentage of their acres which are 
on the class I and II lands. The increase in the percentage 
of legume hay and oats on the class I and II lauds resulted 
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as the rotations selected to adjust the soil loss limits for 
the more erosive crops favored the use of legume hay over the 
nonlegume hay due to the inclusion of the nitrogen carryover 
effect of the legume hay. The decline in the percentage of 
corn on the class I and II lands results from the larger 
acreage and the increase in acreage dividing equally on both 
land groups. Also, corn is less erosive than soybeans and 
cotton, and in those areas where they are competitive crops, 
the corn would shift to allow low erosion production of the 
soybeans and cotton. 
Table 39. Percent of the acreage of specific crops falling 
in land classes I and 11 for alternate levels of 
allowable soil loss in 2000. 
Soil loss restriction 
unrestricted 10 ton 5 ton 3 ton 
Barley 52.1 53.8 43.3 50.4 
Corn 84.9 85.7 83.1 83.6 
Corn silage 83.2 95.5 95.6 95.6 
Cotton 57.6 61.1 77.0 80.4 
Legume hay 64.1 59.8 59.3 68.2 
Nonlegume hay 56.5 55.9 58.6 52.9 
Oats 68.3 65.7 66.4 67.7 
Sorghum 52.1 55.8 47.2 57.2 
Sorghum silage 55.8 79.4 81.6 89.0 
Soybeans 70.1 73.9 80.7 82.2 
Wheat 53.6 55.3 57.0 52.7 
All crops 66.1 67.7 68.2 69.5 
The shift in land class utilization by the crops is re­
flected in the national average yields. Tables 40, 41, 42 and 
43. The change in average yields also reflects changes in 
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Table 40. Acreage and average yield of crops by land 
class in the Onited states with unlimited soil 
loss and 69-71 average exports in 2300 (Model 
A ) .  
Crop and Acreage Yiald 
land class Dryland Irrig. Total Dryland Irrrg. Total 
Barley (000 acres) (bu . /asre) 
I,II 5657 781 6438 70.0 81.0 71.3 
HIE, IVE 2599 206 2805 50.8 56.3 51.2 
other III,IV 1717 1390 3107 48.0 61.7 54.1 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 9973 2377 12350 61.2 67.6 62.4 
Corn grain (000 acres) (bu . /acre) 
I,II 44764 1540 46303 123.1 145.2 123.8 
HIE, IVE 4694 254 4948 101.1 94.9 100.8 
Other III,IV 3192 87 3280 86.8 95.9 87.0 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 52650 1881 54531 118.9 136.1 119.5 
Corn silage (000 acres) (tons/acre) 
I,II 4704 658 5362 13.0 18. 7 13.7 
HIE,IVE 662 69 731 8.5 16. 0 9.2 
other III,IV 308 40 348 6.6 13.0 7.3 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 5674 768 6441 12.1 18.2 12.9 
Cotton (000 acres) (bales/acre) 
I,II 3312 370 3682 1.7 1.5 1.7 
HIE,IVE 1035 76 1111 1.4 0.9 1.3 
other III,IV 1590 3 1594 1.5 0.9 1.5 
V-VIII 3 0 3 0.3 0.0 0.3 
Total 5940 449 6389 1.6 1.4 1.6 
Legume hay (000 acres) (tons/acre) 
1,11 18744 4796 23539 3.8 7.4 4.6 
HIE,IVE 7342 514 7857 3.2 4.0 3.2 
Other III,IV 4750 509 5259 3.5 4.9 3.6 
V-VIII 62 0 62 2.2 0.0 2.2 
Total 30898 5819 36717 3.6 6.9 4.1 
Nonlegune hay (000 acres) (tons/acre) 
1,11 13454 313 10766 2.3 2.8 2.3 
HIE, IVE 6565 83 6648 2.2 2. 1 2.2 
other III,IV 1248 90 1338 2.1 1.3 2.1 
V-VIII 284 2 286 1.3 2.0 1.3 
Total 18551 488 19039 2.2 2.4 2.2 
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Table 40. (Continued). 
crop and Acreage ïîêiâ-
land class Dryland Irrig. Total Dryland Irrig. Total 
Oats (000 acres) (bu. /acre) 
I,II 3621 225 3846 71.6 91.8 72.8. 
IIIEflVE 1433 15 1448 49.1 51.6 49.1 
Other III,IV 252 22 274 63.9 70.8 64.5 
V-VIII 66 0 66 17.3 0.0 17.3 
Total 5373 261 5634 64.6 87.8 65.7 
Sorghum grain (OOO acres) (bu. /acre) 
65.5 I,II 4030 1260 5290 63.2 72.7 
IIIEflVE 2509 388 2896 45.5 67.9 48.5 
other III,IV 1904 69 1973 40.7 60.9 41.4 
V-VIII 0 0 0 0.0 0. 0 0.0 
Total 8443 1717 10160 52.9 71.2 56.0 
Sorghum silage (000 acres) (tons/acre) 
I,II 3597 580 4178 12.3 18.2 13.1 
IIIE, IVE 2941 56 2998 10.8 9.4 10.8 
Other III,IV 263 50 313 10.3 10. 1 10.3 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 6802 687 7489 11.5 16.9 12.0 
Soybeans (000 acres) (bu. /acre) 
I,II 34963 641 35604 42.0 50.6 42.1 
IIIE, IVE 9239 140 9379 36.7 41.5 36.8 
Other III,IV 5759 25 5783 34.2 45.8 34.2 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 49961 806 50756 40.1 48.9 40.2 
Sugar beets (000 acres) (tons/acre) 
I,II 1365 158 1522 17.4 24.9 18.2 
IIIE,IVE 0 17 17 0.0 18.4 18.4 
Other III,IV 101 41 142 21.4 19.3 20.8 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 1465 216 1681 17.6 23.4 18.4 
Wheat (000 acres) (bu. /acre) 
I,II 27411 889 28300 36.9 77.1 38.2 
IIIE,IVE 17107 611 17719 32.8 50.3 33.4 
Other III,IV 6449 274 6723 35.0 54.1 35.8 
V-VIII 65 2 66 17.3 26.6 17.6 
Total 51032 1776 52808 35.3 64.3 36.2 
Other hay (000 acres) (tons/acre) 
Total 16884 6094 22978 1.7 3. 6 2.2 
Pasture (000 acres) (tons/acre) 
Total 303060 2921 305981 0.6 2.4 0.6 
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Table 41. Acreage and average yiexd of crops by land 
class in the United states with 10 ton maximum 
soil loss and 69-71 average exports in 2000 
(Model B) . 
Crop and Acreage KiSM-
land class Dryland Irrig. Total Dryland Irrig. Total 
Barley ( 0 0 0  acres) (bu . /acre) 
I , I I  6 1 4 8  7 7 8  6 9 2 6  6 6 . 9  8 1 . 1  6 8 . 5  
I I I E f l V E  2 5 2 7  2 0 8  2 7 3 4  5 1 . 4  5 6 .  5  5 1 . 8  
Other I I I , I V  1 7 9 8  1 4 0 4  3 2 0 2  4 8 . 9  6 1 . 8  5 4 . 6  
V - V I I I  0  0  0  0 . 0  0 . 0  0 . 0  
Total 1 0 4 7 3  2 3 8 9  1 2 8 6 3  6 0 . 1  6 7 . 6  6 1 . 5  
Corn grain ( 0 0 0  acres) (bu . /acre) 
I , I I  4 5 0 3 4  1 7 0 3  4 6 7 3 7  1 2 4 . 1  1 4 3 . 4  1 2 4 . 8  
I I I E f l V E  4 1 4 3  1 3 9  4 2 8 3  1 0 3 . 5  8 5 . 2  1 0 2 . 9  
Other I I I , I V  3 4 1 6  8 7 ,  3 5 0 3  8 6 . 3  9 5 .  9  8 6 . 5  
V - V I I I  0  0  0  0 . 0  0 . 0  0 . 0  
Total 5 2 5 9 3  1 9 3 0  5 4 5 2 3  1 2 0 . 0  1 3 7 .  1  1 2 0 . 6  
Corn silage ( 0 0 0  acres) (tons/acre ) 
I , I I  4 5 3 0  6 2 9  5 1 5 8  1 3 . 4  1 8 . 8  1 4 . 1  
I I I E ,  I V E  1 4 6  5 8  2 0 5  1 0 . 7  1 6 . 8  1 2 . 5  
Other I I I , I V  0  4 0  4 0  0 . 0  1 3 . 0  1 3 . 0  
V - V I I I  0  0  0  0 . 0  0 . 0  0 . 0  
Total 4 6 7 6  7 2 8  5 4 0 3  1 3 . 3  1 8 . 3  1 4 . 0  
Cotton ( 0 0 0  acres) (bales/acre) 
I , I I  3 3 4 6  3 1 4  3 6 6 0  1 . 7  1 . 7  1 . 7  
I I I E ,  I V E  8 5 8  1 1  8 6 9  1 . 5  0 . 9  1 . 5  
Other I I I , I V  1 4 5 9  0  1 4 5 9  1 . 7  0 . 0  1 . 7  
V - V I I I  0  0  0  0 . 0  0 . 0  0 . 0  
Total 5 6 6 3  3 2 5  5 9 8 8  1 . 7  1 . 6  1 . 7  
Legume hay ( 0 0 0  acres) (tons/acre) 
I ,  I I  1 7 7 7 3  5 0 4 6  2 2 8 1 9  3 . 8  7 . 3  4 . 6  
I I I E , I V E  9 5 2 5  5 9 0  1 0 1 1 6  3 . 3  4 . 0  3 . 3  
Other I I I , I V  4 6 7 7  5 2 0  5 1 9 8  3 . 8  4 . 9  3 . 9  
V - V I I I  9  0  9  2 . 3  0 . 0  2 . 3  
Total 3 1 9 8 4  6 1 5 7  3 8 1 4 1  3 . 6  6 .  8  4 . 1  
Nonlegume hay ( 0 0 0  acres) (tons/acre) 
I , I I  1 0 2 1 5  3 5 4  1 0 5 7 0  2 . 2  2 .  8  2 . 3  
I I I E , I V E  6 6 9 1  8 3  6 7 7 4  2 . 3  2 .  1  2 . 3  
Other I I I , I V  1 3 3 9  9 0  1 4 2 9  2 . 1  1 . 3  2 . 1  
V - V I I I  1 4 9  2  1 5 1  1 . 2  2 . 0  1 . 2  
Total 1 8 3 9 5  5 2 9  1 8 9 2 4  2 . 3  2 . 4  2 . 3  
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Table Ul. (Continued). 
Crop and ————— ——————— 
land class Dryland Irrig. Total Dryland Irrig. Total 
Oats (000 acres) (bu. /a:re) 
I,II 3711 255 3966 71.7 87.7 72.7 
HIE, IVE 1751 33 1784 53.2 46.9 53.1 
Other III,IV 234 13 247 61.7 68.2 62.0 
V-VIII 36 0 36 13.6 0.0 13.6 
Total 5732 301 6033 65.3 82.4 66.1 
Sorghum grain (000 acres) (bu. /acre) 
68.5 I,II 4247 1211 5458 68.1 69.9 
IIIE,IVE 1964 374 2338 41.7 63.0 45.9 
Other III,IV 1877 106 1983 41.4 61.5 42.5 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 8088 1692 9780 55.5 69.0 57.8 
Sorghum silage (000 acres) (tons/acre) 
13.7 I,II 4107 428 4535 13.1 19.9 
IIIEflVE 893 3 896 9.3 13.2 9.3 
Other III,IV 266 13 279 10.3 10.6 10.3 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 5267 443 5710 12.3 19.6 12.9 
Soybeans (000 acres) (bu. /acre) 
43.3 I,II 34549 587 35136 43.2 50.0 
IIIEflVE 6801 114 6915 41.2 41.3 41.2 
Other III,IV 5485 25 5510 36.1 46.9 36.2 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 46835 726 47561 42.1 48.6 42.2 
Sugar beets (000 acres) (tons/acre) 
18.1 I,II 1370 161 1531 17.4 24.8 
HIE, IVE 0 21 21 0.0 18.5 18.5 
Other III,IV 101 31 132 21.4 18.4 20.7 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 1470 213 1684 17.6 23.3 18.3 
Wheat (000 acres) (bu. /acre) 
I,II 27098 897 27995 37.5 77.8 38.8 
HIE, IVE 15629 618 16246 33.6 50.2 34.3 
Other III,IV 6113 274 6387 37.1 54.2 37.8 
V-VIII 39 2 41 15.3 26.6 15.8 
Total 48878 1791 50669 36.2 64.6 37.2 
Other hay (000 acres) (tons/acra) 
Total 16908 6094 23002 1.7 3.6 2.2 
Pasture (000 acres) (tons/acre) 
Total 304614 2921 307535 0.6 2.4 0.6 
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Table 42. Acreage and average yield of crops by land 
class in the United states with 5 tan maximum 
soil loss and 69-71 average exports in 2000 
(Model C) . 
Crop and ________—ASEÊâSÊ»———————— — 
land class Dryland Irrig. Total Dryland Irrig. Total 
Barley (000 acres) (bu . /acre) 
I,II 3811 883 4694 68.6 84.3 71.6 
IIIE,IVE 25U9 235 2785 57.5 56.3 57.4 
Other 111,1V 1948 1416 3364 47.0 61.6 53.1 
V-VIII 0 0 0 0.0 0.0 0.0 
To tal 8309 2533 10842 60.1 69.0 62.2 
Corn grain (000 acres) (bu . /acre) 
I,II 43749 2065 45814 123.5 147.2 124.b 
IIIEflVE 5562 206 5769 111.0 89.3 110.2 
Other III,IV 3437 86 3523 89.6 96.0 89.8 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 52748 2358 55106 119.9 140.2 120.8 
Corn silage (000 acres) (tons/acre) 
13.1 I,II 4954 256 5210 12.8 19. 1 
IIIE, IVE 61 26 87 12.0 14.5 12.8 
Other III,IV 113 40 153 12.7 13.0 12.3 
V-VIII 0 0 0 0.0 0.0 O.O 
Total 5128 322 5450 12.8 18.0 13.1 
Cotton (000 acres) (bales/acre) 
I,II 3488 603 4091 2.0 2.2 2.0 
IIIE, IVE 957 11 968 1.7 1.2 1.6 
Other III,IV 256 0 256 1.5 0.0 1.5 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 4701 614 5315 1.9 2. 2 1.9 
Legume hay (000 acres) (tons/acre) 
I,II 19021 4503 23524 3.8 7.2 4.4 
IIIE,IVE 9586 453 10039 3.3 4. 1 3.3 
Other III,IV 5487 542 6029 3.8 4.9 3.9 
V-VIII 57 0 57 3.9 0.0 3.9 
Total 34152 5497 39649 3.6 6.7 4.0 
Nonlegume hay (000 acres) (tons/acre) 
I,II 12432 231 12663 2.4 2. 7 2.4 
IIIE,IVE 5736 155 5891 2.2 2.2 2.2 
Other III,IV 2380 105 2986 2.2 1.3 2.2 
V-VIII 85 0 85 1.2 0.0 1.2 
Total 21133 492 21625 2.3 2.3 2.3 
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Table 42. (Continued). 
Crop and —&SEÊ&3——————— — 
land class Dryland Irrig. Total Dryland Irrig. Total 
Oats (000 acres) (bu . /acre) 
I,II 4349 332 4682 71.7 84.4 72.6 
HIE, IVE 2022 31 2053 56.4 64.0 56.5 
Other III,IV 245 53 298 61.2 70.6 62.9 
V-VIII 20 0 20 15.3 0.0 15.3 
Total 6637 416 7052 66.5 81.2 67.3 
Sorghum grain (000 acres) (bu . /acre) 
79.3 I,II 4062 676 4738 71.4 126. 6 
HIE, IVE 1666 41 17 07 50.5 72.1 51.0 
Other III,IV 3530 69 3599 41.7 60. 9 42.1 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 9257 786 10043 56.3 118.0 61.1 
Sorghum silage (000 acres) (tons/acre) 
13.5 I,II 2091 211 2301 12.4 25. 0 
HIE,IVE 477 0 477 8.0 0.0 8.0 
Other III,IV 41 0 41 12.8 0.0 12.8 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 2609 211 2820 11.6 25.0 12.6 
Soybeans (000 acres) (bu . /acre) 
44.3 I,II 36126 131 36257 44.3 53.9 
IIIB,IVE 4269 6 4275 40.5 35.4 40.5 
Other III, IV 4391 0 4391 38.3 0.0 38.3 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 44786 137 44923 43.3 53.2 43.4 
Sugar beets (000 acres) (tons/acra) 
18.9 I,II 1133 275 1408 17.8 23.7 
HIE,IVE 0 32 32 0.0 19.4 19.4 
other III,IV 101 71 172 21.4 20.5 21.0 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 1233 378 1611 18.1 22.7 19.2 
Wheat (000 acres) (bu ./acre) 
I,II 27170 1789 28960 37.8 50.7 38.6 
HIE, IVE 14927 938 15864 33.4 46. 4 34.2 
other III,IV 5795 152 5947 39.1 53.5 39.5 
V-VIII 66 0 66 16.9 0.0 16.9 
Total 47958 2879 50837 36.6 49.4 37.3 
Other hay (000 acres) (tons/acca) 
Total 17224 6105 23329 1.7 3.6 2.2 
Pasture (000 acres) (tons/acre) 
Total 310697 708 311406 0.6 2.9 0.6 
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Table 43. Acreage and average yield of crops by land 
class in the United states with 3 ton maximum 
soil loss and 69-71 average exports ia 2000 
(Model D) . 
Crop and &3Ê———————— ————— 
land class Dryland Irrig. Total Dryland Irrig. Total 
Barley (000 acres) (bu . /acre) 
61.9 I,II 5890 819 6709 57.8 91.4 
IIIE,IVE 3366 122 3489 54.8 59.8 55.0 
other III,IV 1686 1423 3110 49.6 61.5 55.1 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 10943 2364 13307 55.6 71.7 58.5 
Corn grain (000 acres) (bu . /acre) 
I,II 47663 865 48528 124.1 146,7 124.5 
TIIE,IVE 5131 173 5303 108.6 86.5 107.8 
Other III,IV 4124 86 4210 88.6 96.0 88.7 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 56917 1123 58041 120.2 133.6 120.4 
Corn silage (000 acres) (tons/acre) 
16.7 I,II 1831 511 2342 16.1 18.9 
TIIE,IVE 0 52 52 0.0 16.6 16.6 
Other III,IV 22 33 55 15.6 14.6 15.0 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 1853 596 2449 16.1 18.5 16.7 
Cotton (000 acres) (bales/acre) 
I,II 3363 1103 4466 1.8 2. 5 1.9 
IIIE,IVE 789 11 800 1.3 1.2 1.3 
other III,IV 287 0 287 1.5 0.0 1.5 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 4439 1114 5553 1.7 2.5 1.8 
Legume hay (000 acres) (tons/acre) 
I,II 22517 4769 27285 3.9 6.9 4.4 
IIIE,IVE 10777 587 11364 3.5 3.8 3.5 
Other III,IV 629 695 1324 3.9 4.7 4.3 
V-VIII 9 0 9 2.3 0.0 2.3 
Total 33932 6051 39982 3.7 6.4 4.1 
Ncnlegume hay (000 acres) (tons/acre) 
I,II 11215 340 11555 2.4 2.8 2.4 
HIE, IVE 8022 163 8186 2.2 1.8 2.2 
Other III,IV 1893 62 1955 1.9 1.3 1.9 
V-VIII 121 0 121 1.2 0.0 1.2 
Total 21251 565 21816 2.3 2.3 2.3 
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Table l»3. (Continued). 
Crop and —————— 
land class Dryland Irrig. Total Dryland Irrig. Total 
Oats (000 acres) (bu . /acre) 
73.3 I, II 6034 293 6327 72. 5 89. 8 
IIIEflVE 2516 51 2567 65. 3 60. 2 65.2 
Other III,IV 375 52 426 59. 5 71. 1 60.9 
V-VIII 30 0 30 13. 6 0.0 13.6 
Total 8955 396 9351 69. 7 83.5 70.3 
Sorghum grain (000 acres) (bu . /acre) 
69.9 I,II 4826 252 5077 66. 7 130. 1 
IIIEflVE 2066 18 2085 32. 5 80. 6 32.9 
Other III,IV 1706 0 1706 43. 3 0.0 43.3 
V-VIII 0 0 0 0. 0 0.0 0.3 
Total 8597 270 8868 53. 9 126.8 56.1 
Sorghum silage (000 acres) 
11. 
(toas/acre) 
13.0 I,II 2186 293 2478 4 25.0 
HIE, IVE 26 0 26 8. 2 0.0 8.2 
Other III,IV 279 0 279 8. 1 0.0 8.1 
V-VIII 0 0 0 0. 0 0.0 0.0 
Total 2490 29 3 2783 11. 0 25.0 12.5 
Soybeans (000 acres) (bu . /acre) 
44.3 I,II 36356 100 36455 44. 2 54.8 
HIE, IVE 2696 0 2696 39. 4 0,0 39.4 
Other III,IV 5182 0 5182 36. 9 0.0 36.9 
V-VIII 0 0 0 0. 0 0.0 0.0 
Total 44233 100 44333 43. 1 54.8 43.1 
Sugar beets (000 acres) (tons/acre) 
18.5 I,II 1250 180 1429 17. 7 24.4 
HIE, IVE 0 46 46 0. 0 17.4 17.4 
Other III,IV 101 71 172 21. 4 20.5 21.0 
V-VIII 0 0 0 0. 0 0.0 0.0 
To tal 1350 297 1647 18. 0 22. 4 18.8 
Wheat (000 acres) (bu . /acre) 
I,II 22852 1059 23911 39. 4 64. 9 40.5 
HIE,IVE 15487 1047 16534 33. 7 43. 7 34.3 
Other III,IV 4721 201 4921 28. 4 49. 2 29.3 
V-VIII 42 0 42 16. 2 0.0 16.2 
Total 43102 2307 45409 36. 1 53.9 37.0 
Other hay (000 acres) (tons/acre) 
Total 17673 6100 23772 1. 7 3. 6 2.2 
Pasture (000 acres) (tons/acrs) 
Total 313854 2585 316439 0. 6 2.4 0.6 
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the proportion of the crop grown under irrigated and rainfed 
agriculture and the changes in regional allocation of the 
crops. As an example, the average yield of barley is 62.4 
bushels under the no soil loss restriction alternative and 
this declines to 58.5 bushels under the 3 ton soil loss re­
striction. A change in the proportion grown under irrigation 
is reflected in the acreages given in the same tables. These 
acreages combine with the changed yields, lower on dryland 
and higher on irrigated, to give a lower average yield. 
Shifts in yield by land class reflect changes in regional 
production patterns as the crop shifts from areas where the 
yields by land class change. 
The silages exhibit how the alternative use of lands and 
regional shifts affect yields. The yield of corn silage in­
creases from 12.9 tons under no soil loss restriction to 14.0 
tons under a 10 ton soil loss restriction, drops to 13.1 
under the 5 ton restriction and then increases again to 16.7 
tons under the 3 ton restriction. The initial change from 
the unrestricted to the 10 ton soil loss level reflects mild 
yield increases on the dryland and irrigated acres, but the 
change in acreage under the dryland and irrigated production 
patterns causes the major increase in overall yield. The 
changes from the 10 ton restriction to the 3 ton restriction 
reflect changes in per acre yields on dryland and irrigated 
production alternatives. These yield increases result from 
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shifts to regions of different productive capacity. Similar 
shifts in production patterns can be observed for the other 
crops consistent with their susceptibility to erosion or 
their relationship to other crops through rotational interac­
tions. 
The data in Tables UO, 41, 42 and 43 reflect the acreage 
of the endogenous crops by land groups. The decline in total 
acreage as the level of soil restriction is reduced is not 
reflected equally in the acreage of all crops. Cotton, which 
has no substitute in the agricultural sector, has a decline 
in acreage from 6.4 million acres with no soil loss restric­
tion to as low as 5,3 million acres under the 5 ton restric­
tion and then hack to 5,5 million acres under the 3 ton re­
striction, These changes being possible by the changes in 
yield per acres as the cotton is grown on the more productive 
class I and TI lands and as it shifts regions. The most 
drastic change in acreage occurs in the production of silage, 
both corn and sorghum. The acreage of silage declines from 
13.9 million acres when no soil loss restriction is present 
to 5.2 million acres under the 3 ton restriction. The 
roughage component of the livestock ration provided from the 
silages under the less restrictive soil loss alternatives is 
satisfied from the greater production of the legume and 
nonlegume hays. The nonlegume hay acreage increases from 19 
million acres under the unrestricted and 10 ton soil loss 
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limitations to 22 million acres under the 5 ton and 3 ton 
soil loss restrictions. The legume hays undergo an increase 
in acreage from 37 million to 40 million acres. The project­
ed nonlegume hays are lover in total acreage as opposed to 
the projected acreage of legume hays, a situation presently 
not supported by the production patterns in agriculture where 
the 1969 acreage of legume crops was 27 million acres com­
pared to 35 million acres for the nonlegume hay crops (96). 
The shift in crop production patterns has a direct 
affect on the feed consumption patterns in the livestock 
sector. The data in Table 44 indicates the consumption of 
the crop commodities within the livestock sector. The reduc­
tion in the acres of corn and sorghum silage result in a de­
cline in silage fed from 174 million tons under no soil loss 
restriction to 150 million tons under the 10 ton restriction, 
to 107 million tons under the 5 ton restriction and to 76 
million tons under the 3 ton restriction. To compensate for 
the reduction in nutrients from the lower consumption of 
silage more of the hays and pasture are consumed to maintain 
the balance in roughage and more corn, barley and oats are 
consumed to maintain the balance in energy. The substitu­
tions for the silages affects the high protein balance as the 
legume hays (9-15 percent digestible protein) and the perma­
nent pasture (10-15 percent digestible protein depending on 
maturity) have a relatively higher protein content than do 
T.?h1e 44. Commodity use în livestock production un isr alternative soil loss 
restrictions in 2 00 0. 
Com'nod i ty Units 
Coil 1 OSS r-3trictions 
'.'nrestr i rted 10 ton 5 ton 3 ton 
Corn h u. 5552273 5312173 5591554 0023307 
Sor%hum bu. 428526 425458 474077 35721S 
Karley bu. 5580GG 577948 461520 565630 
Oats bu. 291832 320820 396728 579533 
' !heat bu. 522316 494015 505341 288741 
Migh orotein^ CV.'t . 743754 726224 G99215 681572 
Legume hay tons 154G43 160103 163295 167390 
Other hay tons 053RU 96033 104137 104450 
Silage ^ tons 173612 149024 107147 75892 
Pasture" tons 20750% 203059 212670 215909 
2 Includes soybean and cottonseed oilmeals and hijrh protein grain supplements, 
exoressed in soybean oilmeal equivalents. 
O 
Expressed in non-legume hay equivalents. 
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the silages (2-5 percent digestible protein depending on 
type). The increase in corn and oats fed offsets the reduced 
utilization of sorghum and wheat. The increase in utiliza­
tion of one ccmmodity to the exclusion cf some other commodi­
ty reflects the production of the commodity increasing in use 
at a lower relative cost than under the assumptions of the 
previous alternative. All shifts in production result be­
cause of the relative change in production and resource use 
as a result of the change in the production patterns as the 
soil loss restrictions change the relative costs of producing 
the commodities under the alternative technologies. 
Resource use and income distribution 
Resource use by the cropping alternatives reflects the 
inputs required which are consistent with the level of econ­
omic efficiency implied in the alternatives and are consist­
ent with the national, regional and farming practices 
utilized. The data in Tables 45, 46, 47 and 48 reflect the 
value of the inputs used in the production of row crops and 
close grown crops under the alternative soil loss restric­
tions. The value of land and water represents the marginal 
value product, of the last unit utilized as determined in the 
shadow prices of the solution and the labor, machinery and 
pesticide costs are component costs in the cropping system 
budgets. The "other costs" category includes the cost of 
fertilizers and the associated miscellaneous costs of produc-
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Table U5. Value o£ resource use in crop production by 
major zones in the Qnited States for unlimited 
soil loss and 69-71 average exports in 2000 
(Model A). 
Zone-item Land Water Labor Bach Pest Other Total 
United States 
Bov crops* 18.68 
Close cropsz 11.42 
North Atlantic 
Row crops 6.85 
Close crops 4.80 
South Atlantic 
Bov crops 9.81 
Close crops 11.53 
North Central 
Row crops 20.81 
Close crops 9.7% 
South Central 
Row crops 19.19 
Close crops 16.65 
Great Plains 
Row crops 14.66 
Close crops 6.19 
North West 
Row crops 6.09 
Close crops 11.99 
South West 
Row crops 15.24 
Close crops 13.75 
(S per acre) 
0.34 6.13 34.50 
0.30 3.29 23.99 
0.00 9.10 56.90 
0.00 4.85 31.72 
0.00 7.68 29.57 
0.00 4.75 35.86 
0.00 5.55 35.20 
0.00 3.21 24.45 
0.24 6.84 34.82 
0.10 3.01 23.12 
2.24 6.88 33.93 
0.22 3.24 25.57 
1.47 8.70 14.92 
0.49 3.41 21.18 
4.87 5.12 21.36 
2.06 3.30 16.95 
2.82 10.98 73.47 
0.68 3.69 43.40 
2.62 19.65 95.14 
5.67 13.65 60.71 
4.22 14.80 66.09 
0. 12 15.39 67.68 
3.06 12.81 77.44 
1.26 5.11 43.79 
2.32 5.43 68.87 
0.16 2.07 45.14 
1.98 6.72 66.43 
0.32 -0.83 34.73 
0.73 8.94 40.87 
0.99 5.60 43.69 
0.66 1.90 49.17 
0.07 5.29 41.44 
^Includes corn,cotton,sorghum,soybeans and sugar beets 
^Includes barley,oats and wheat. 
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Table 4G. Valus of resource use ia crop production by 
major zones in the United States for 10 ton 
maximum soil loss and 69-71 average exports in 
2000 (Model B) . 
Zone-item Land Water Labor Hach Pest other Total 
($ per acre) 
United States 
Row cropsi 18,38 0,33 
Close cropsz 11,06 0,31 
6.17 35,10 U.56 
3.36 24.63 0.81 
11.40 75.96 
3.70 43.90 
North Atlantic 
Row crops 6.43 0.00 
Close crops 6.00 0,00 
9.19 57,68 4,02 
4,66 30.52 7.71 
20.25 97.58 
13.88 62.78 
South Atlantic 
Row crops 8.67 0.00 
Close crops 10.88 0.00 
North Central 
Row crops 20.98 0,00 
Close crops 9,57 0.00 
8.24 31.81 4,17 
5,37 42,24 1,22 
5,45 34.92 4.91 
3.26 24,85 1.32 
14,85 67,76 
17,25 76.98 
13,34 79,63 
5,29 44,30 
South Central 
Row crops 17,59 0,18 
Close crops 15,82 0.12 
7.05 37. 23 5. 10 
3.22 24.74 0.42 
5.53 7 2 . 9 0  
2i18 46.53 
Great Plains 
Row crops 1 4 . 4 6  2 . 1 2  
C l o s e  c r o p s  5 . 9 7  0 . 2 2  
7.18 35.20 2.39 
3.22 25.48 0.34 
7.51 68.88 
0.75 34.49 
North West 
Row crops 6.11 1.47 
Close crops 11.96 0.49 
8.37 14.89 0.72 
3.42 21.20 0.99 
3.79 40.38 
5.60 43.68 
South West 
Bow crops 13.53 4.90 
Close crops 13.43 2.05 
5.63 23.98 1.08 
3.29 15.97 0.07 
1.27 50.41 
5.29 41.12 
^Includes corn,cotton,sorghum,soybeans and sugar beets. 
^Includes barley,oats and wheat. 
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Table 47. Value of resource use in crop production by 
major zones in the Onited States for 5 ton 
maximum soil loss and 69-71 average exports in 
2000 (Model C). 
Zone-item Land Water Labor Hach Pest Other Total 
($ per acre) 
United States 
Row crops* 21.14 0,32 
Close cropsz 10.43 0.22 
6.40 37.19 5.50 11.93 82.51 
3.36 24.84 0.73 2.53 42.14 
North Atlantic 
Row crops 10.74 
Close crops 7.43 
South Atlantic 
Row crops 8.76 
Close crops 12.25 
North Central 
Row crops 24.94 
Close crops 10.23 
South Central 
Row crops 19.89 
Close crops 16.07 
Great Plains 
Row crops 17.21 
Close crops 4.79 
North West 
Row crops 8.74 
Close crops 9.13 
South West 
Row crops 6.14 
Close crops 9.98 
0.00 9.08 61.56 3.33 13.87 103.60 
0.00 6.24 42.27 0.32 14.47 70.74 
0.00 8.90 38.43 5.93 17.55 79.60 
0.00 3.69 31.47 1.32 11.72 60.47 
0.00 5.35 35.44 5.96 12.83 84.55 
0.00 3.14 24.08 1.57 4.27 43.31 
0.06 7.93 41.33 5.39 7.56 82.18 
0.03 3.35 26.25 0.39 2.32 48.43 
1.11 7.38 38.46 4.14 7.24 75.57 
0.06 3.24 25.52 0.41 -2.15 31.88 
1.28 9.60 19.95 0.74 15.68 56.01 
0.19 3.68 23.57 1.01 3.35 40.94 
6.71 7.02 28.67 2.82 4.52 55.89 
1.54 2.96 17.29 0.08 2.55 34.42 
^Includes corn,cotton,sorghum,soybeans and sugar beets 
^Includes barley,oats and wheat. 
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Table 48. 
Zone-item 
Value of resource use in crop production by 
major zones in the United States for 3 ton 
maximum soil loss and 69-71 average exports in 
2000 (Model D) . 
Land Water Labor Nach Pest other Total 
United States 
Row crops* 23.45 0.33 
Close cropsz 13.61 0,31 
North Atlantic 
Row crops 10.39 
Close crops 10.51 
South Atlantic 
Row crops 11.91 
Close crops 18.94 
North Central 
Row crops 26.58 0.00 
Close crops 12.42 0.00 
South Central 
Row crops 22.27 0.11 
Close crops 18.91 0.04 
($ per acre) 
6.26 37.44 
3.36 25. 16 
6.48 
1.23 
0.00 9.40 59.61 4.13 
0.00 6.05 40.60 5.50 
0.00 9.00 37.06 6.10 
0.00 4.11 35.62 0.90 
12.44 
2.13 
86.42 
45.83 
15.60 100.15 
11.26 73.94 
16.36 
12.99 
80.45 
72.57 
5.31 36.62 7.01 13.51 89.06 
3.25 24.56 2.26 *.96 47.47 
7.30 40.21 6.45 8.58 84.95 
3.13 25.38 0.55 0.36 48.39 
Great Plains 
Row crops 13.09 1.23 
Close crops 8.67 0.28 
North West 
Row crops 7.98 1.55 
Close crops 13.91 0.47 
South West 
Row crops 21.52 5.71 
Close crops 14.63 2.12 
6.17 36.84 
3.31 26.52 
2.27 3.51 
0.38 -1.19 
10.29 15.82 0.71 
3.43 21.78 0.98 
63. 14 
37.98 
13.10 46.47 
6.04 46.64 
10.16 35.36 7.12 12.61 92.51 
3.49 20.06 1.93 0.18 42.42 
^Includes corn,cotton,sorghum,soybeans and sugar beets. 
^Includes barley,oats and wheat. 
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tion. In some zones, the Great Plains in particular, this 
component of the cost structure is negative representing an 
income to the rotation. This results as the nitrogen balance 
restriction forces the disposal of livestock wastes in all 
areas and when the livestock producers find such an advantage 
in production in an area, they are willing to pay to dispose 
of the wastes from their livestock enterprise and this is re­
flected as an income, negative cost, to the crop sector. 
This situation only results in some producing areas in the 
Great Plains and South Central zones. 
At a national level an increase in total per acre re­
source input is given for the row crops with each successive 
reduction in the level of allowable soil loss. Tables 45, 46, 
47 and 48. The per acre return from close-grown crops in­
creases for the 10 ton restriction, declines for the 5 ton 
restriction and increases again under the 3 ton restriction. 
Most of the decline in value of resource use in close-grown 
crops under the 5 ton restriction is a result of the reduc­
tion in fertilizer purchase as farmers raising the close-
grown crops in some producing areas of the Great Plains and 
south Central zones receive a payment from the livestock 
sector for use of cropland to dipose of the excess wastes, 
thus providing nitrogen. The return to land increases as the 
land capable of meeting the soil loss restriction at lowest 
cost becomes relatively more valuable due to the higher 
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prices on the commodities produced. The return to water is 
relatively unaffected by alternate soil loss restrictions and 
reflects the minor shifts in the irrigated production pat­
terns. The value of labor utilized increases slightly as it 
reflects the increased labor requirement associated with the 
more time consuming, on a per acre basis, conservation-
tillage practices utilized to meet the restriction. Machin­
ery use per acre increases for both row crops and close-grown 
crops as a result of the increased time required for the 
conservation-tillage practices and this does not offset the 
reduction in machinery use associated with the reduced 
tillage practices. Per acre expenditures on pesticides in­
creases as the allowable soil loss level is reduced. This is 
consistent with the substitution of chemical methods of con­
trol of weeds and insects under the reduced tillage proce­
dures instead of the conventional tillage control methods. 
The other costs section includes fertilizers and the 
miscellaneous production costs. At the national level these 
costs increase for the row crops as the cost of nitrogen in­
creases more in line with the commercial prices. The close-
grown crops, on the other hand, show a decline in costs as 
the concentration of these crops moves more to the Great 
Plains and South Central zones where nitrogen is supplied by 
the livestock enterprises at little or no expense, and in 
some cases as an income to the crop farmer. 
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The change in value of resource use under the alterna­
tive soil loss restrictions has a direct affect on the dis­
tribution of income within the agricultural sector. At the 
national level, land receives 25.5 percent of the return from 
sales associated with row crop production under the no soil 
loss restriction alternative, water receives 0.5 percent, and 
labor receives 8.3 percent. Machinery expenses accounted for 
47.0 percent, pesticides for 3.8 percent and miscellaneous 
costs including fertilizer accounted for 14.9 percent. Table 
49. Under a 10 ton soil loss restriction the proportion of 
the total return to row crops attributed to land, water and 
labor declines indicating a lower per acre relative return 
over costs when compared to the unrestricted alternatives. 
The percentage of the total return attributed to land in­
creases sufficiently under the 5 ton restriction to give a 
larger share of the return to land, water and labor than 
under the 10 ton restriction but not enough to equal the pro­
portion received by these sectors in the unrestrained alter­
native. The increase in the share going to land is suffi­
cient at the 3 ton restriction level to increase the propor­
tion of total returns to land, water and labor above that re­
ceived under no soil loss restriction. A similar pattern is 
followed for the close-grown crops. 
The relative shift in proportion of the returns receiva­
ble by each sector indicates the shift in the relative income 
Table 'j9. Percent nf the total return in national rov/ crop and close-grown crops 
production for alternative levels of soil loss restriction in 2000. 
Restriction/ . 
crop Total Land Hater Labor Mach ^^est Other 
(o/acre) (percent) 
Unrestricted 
row crops 
close crops 
73.47 
43.40 
25.5 
25.3 
0.5 
0.7 
8.3 
7.5 
47.0 
55.3 
3,3 
1.6 
14.9 
8.5 
10 ton restriction 
row crops 
close crops 
75.96 
43.90 
24.2 
25.2 
0.4 
0.7 
8.1 
7.7 
46.3 
56.1 
6.0 
1.9 
15.0 
8.4 
5 ton restriction 
row crops 
close crops 
82.51 
42.14 
25.6 
24.8 
O.lt 
0.5 
7.8 
8.0 
45.0 
59.0 
5.7 
1.7 
14.5 
G.O 
3 ton restriction 
row crops 
close crops 
86.42 
45.83 
27.1 
29.7 
0.4 
0.7 
7.2 
7.3 
43.4 
54.9 
7.5 
2.7 
14.4 
4.7 
^Includes fertilizers and miscellaneous production costs. 
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position of each of the sectors. If the landowner is sepa­
rate from the labor supply, a conflict may arise as conserva­
tion programs at a 3 ton restriction level increase the in­
comes of both but a greater proportion of the total is re­
ceived by the landowner. This causes the labor sector to be 
better off in total return per acre but relative to the 
landowner the laborer has undergone a reduction in real in­
come. If the soil loss restriction was mild, 5 or 10 tons 
per acre, then the aggregate farm supply sector would receive 
more of the return and the landowners and farm laborers or 
renters would net have the real income incentive to undertake 
the conservation program. Vitbin the farm supply sector the 
pesticide distributions increase their relative income per 
acre received with each successive incremental reduction in 
allowable soil loss. 
The total return to each of the resource sectors under 
the alternative levels of soil loss restriction is given in 
Table 50a. The return to all sectors at the national level, 
except pesticides, declines with the initial soil loss re­
striction, even for those sectors which have an increased re­
turn per acre. Tables 45 and 46. The reduction in total re­
turn is due to the decline in acreage of row crops from 148 
million acres to 141 million acres and of close-grown crops 
from 76 million acres to 74 million acrs. The 5 ton soil 
loss restriction increases the return to the agricultural 
Table 50a. Returns to the national resource sectors of agriculture from the 
oroductîon of ro\/ crops and close-grown crops for alternative levels 
of sol 1 loss restriction in 2900. 
Restriction/ 
crop Total Land Via ter Labor Mac h Pest Other^ 
(mi 11 ion dollars) 
Unrestricted 
row crops 10887 2769 50 908 5114 418 1628 
close crops 3276 863 23 243 1812 51 278 
total 141G3 3632 73 1157 6926 469 1906 
10 ton restriction 
row crops 10740 2599 47 873 4964 645 1612 
close crops 3250 822 23 250 1830 60 275 
total 14000 3421 70 1123 6794 705 1887 
5 ton restriction 
row crops 11220 2876 44 870 5059 748 1623 
close crops 3094 7GG 16 247 1825 54 18b 
total 14314 3642 60 1117 6884 802 1809 
3 ton restriction 
row crops 11615 3153 44 842 5033 871 1672 
close crops 3335 991 23 245 1832 90 155 
total 14951 4144 67 1087 6865 961 1727 
^includes fertilizers and miscellaneous production costs. 
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sector such that the total of 14,314 million dollars is again 
above the 14,163 million dollars of the unrestricted analy­
sis. However, the only sectors to be above the level of the 
unrestricted model are the land and pesticide sectors. The 3 
ton restriction increases the value of the returns in the ag­
ricultural sector to 14,951 million dollars, with land at 
4,144 million dollars and pesticides at 961 million dollars, 
again the only sectors above the level of the unrestricted 
soil loss alternative. Persons contrclling land on which 
production remains gain in both relative income and absolute 
income over the labor and water input sectors. Similarly, 
the producers of pesticide inputs gain in relative share of 
the crop expense dollar. 
The data in Table 50b indicate the total value of re­
sources utilized in agricultural production in each of the 
seven major zones. The North Atlantic zone changes little 
except under the 5 ton restriction when its value of re­
sources used increases to over 600 million dollars from the 
400-500 million dollar range under the other three alterna­
tives. The South Atlantic and South Central zones experience 
a decline in total resource utilization as the soil loss re­
striction is lowered. This results from the decline in acre­
age in these zones under the successively more restrictive 
soil loss alternatives. The North Central and Great Plains 
zones increase their income from the agricultural sector as 
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Table 50b. Total returns to the regional agricultural 
related sectors from the production of row crops 
and close-grown crops for alternative levels of 
soil loss restriction in 2000. 
Rn^ion/crop Soil loss restriction 
unrestricted 10 ton 5 ton 3 ton 
(mi 11 ion do!lars) 
Uni ted States 
row crops 
close crops 
total 
10887 
3276 
14163 
10740 
3260 
14000 
11220 
3094 
14314 
11615 
3336 
14951 
North Atlantic 
rovr crops 
close crops 
total 
353 
103 
456 
357 
77 
434 
447 
176 
623 
336 
154 
490 
South Atlantic 
row crops 
close crops 
total 
706 
217 
923 
653 
210 
863 
801 
53 
854 
587 
53 
740 
!orth Central 
rou crops 
close crops 
total 
7040 
851 
7801 
6994 
846 
7840 
7151 
812 
7973 
7870 
838 
8708 
South Central 
rov/ crops 
close crops 
total 
1973 
936 
2919 
1924 
957 
2881  
1996 
955 
2951 
1689 
962 
2651 
Great Plains 
row crops 
close crops 
total 
499 
562 
1061 
483 
571 
1054 
422 
494 
916 
436 
694 
1130 
North Vest 
row crops 
close crops 
total 
71 
339 
410 
70 
339 
409 
110 
317 
427 
84 
369 
453 
South ;est 
row crops 
close crops 
total 
244 
2G9 
513 
258 
2 6 1  
519 
282 
288 
570 
514 
265 
779 
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acreages increase and the more intensive conservation prac­
tices increase input utilization, especially pesticides. The 
two zones in the West increase the value of resources used in 
agricultural production, especially as the restriction reach­
es the 3 ton level. 
The implication for the acres utilized in the model is 
that the more productive lands experience the increased re­
turn while the less productive have a reduced relative re­
turn, Tables 51, 52, 53 and 54. The marginal value product 
of an acre of class I or II land in the nation under the un­
restricted alternative was $20.60 and this increases to 
$25.30 under the 3 ton restriction. The value of the class 
V-VIII lands drops from $10.87 per acre to $7.05 per acre as 
the allowable soil loss level is reduced to 3 tons. All 
zones have an increase in the value of their highly produc­
tive class I and II lands as the allowable level of soil loss 
is reduced. The variation by region and by land class re­
sults from the linearity characteristics of the model used 
but when the individual regions are weighted together the na­
tional averages indicate the relative shift in income among 
the owners of acres in the alternate land classes. The in­
come distribution among the landowners also includes the 
landowners no longer receiving rent for some of the 11 mil­
lion acres of additional idled cultivated land as the soil 
restriction progresses from no restriction to the 3 ton re-
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Table 51. Shadow prices(marginal value products) of 
alternative land classes in major zones in 2000 
(Model A ). 
Laaa_slasses 
Other 
Zone I,II IIIEflVE III-IT V-VIII Otheri Total® 
($ per acre) 
United States 20. 60 10. 67 12. 02 10. 87 2. 92 17. 35 
North Atlantic 8. 11 0. 62 0. 00 0. 00 3. 66 7. 50 
South Atlantic 14. 48 7. 38 6. 19 0. 00 3. 84 13. 04 
North Central 21. 71 12. 57 10. 42 0. 00 6. 25 19. 68 
South Central 24. 90 12. 87 16. 06 14. 52 3. 15 19. 41 
Great Plains 12. 60 5. 20 4. 10 0. 00 2. 12 9. 55 
North West 26. 24 10. 34 6. 80 3. 84 2. 60 15. 37 
South West 23. 82 8. 86 17. 78 6. 12 1. 07 17. 24 
mother hay and pasture lands. 
^Excluding other hay and pasture lands. 
Table 52. Shadow prices(marginal value products) of 
alternative land classes in major zones in 2000 
(Model B ). 
Other 
Zone I,II IIIE,IVE III-IV V-VIII Othari Totaiz 
($ per acre) 
United States 20. 01 9. 95 10. 43 5. 68 3. 02 16. 77 
North Atlantic 7. 94 0. 19 0. 25 0. 00 3. 57 7. 75 
South Atlantic 13. 15 5. 89 4. 52 0. 00 3. 86 12. 07 
North Central 21. 40 11. 45 10. 37 0. 00 6. 78 19. 46 
South Central 23. 44 12. 18 12. 53 4. 21 3. 28 17. 96 
Great Plains 12. 57 4. 74 4. 16 0. 00 2. 13 9. 40 
North West - 26. 22 10. 30 6. 78 4. 68 2. 59 15. 35 
South West 21. 74 8. 33 18. 93 6. 12 1. 05 16. 14 
iQther hay and pasture lands. 
^Excluding other hay and pasture lands. 
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Table 53. Shadow prices(oarginal value products) of 
alternative land classes in major zones in 2000 
( M o d e l  c  ) .  
Land_classes 
other 
Zone l, r i  lllEflVE III-IV V-VIII Other» Totaiz 
($ per acre) 
United States 22. 47 9. 06 9. 72 6.72 2. 71 18. 22 
North Atlantic 12. 74 0. 00 0. 80 0.00 1. 73 11. 03 
South Atlantic 13. 22 14. 17 6. 04 0.00 4. 09 12. 71 
North Central 25. 08 14. 70 13. 55 0.00 5. 97 23. 16 
South Central 26. GO 11. 77 10. 33 0.00 3. 09 18. 97 
Great Plains 12. 54 2. 26 1. 77 0.00 1. 76 8. 43 
North West 26. 85 5. 86 7. 10 0.00 2. 30 13. 66 
South West 16. 28 3. 07 12. 14 16.50 0. 71 10. 59 
lOther hay and pasture lands. 
^Excluding other hay and pasture lands. 
Table 5!*. Shadow prices (marginal value products) of 
alternative land classes in major zones in 2000 
(Model D ). 
Land classes 
Other 
Zone I,II IIIE,IVE III-IV V-VIII Othar» Totaiz 
($ per acre) 
United States 25. 30 11.93 11. 24 7.05 3. 39 21. 07 
North Atlantic 12. 66 0.00 4. 18 0.00 3. 66 12. 36 
South Atlantic 18. 84 19.65 16. 22 0.00 4. 84 18. 72 
North Central 27. 14 14.70 13. 29 0.00 7. 92 24. 46 
South Central 30. 54 14.00 8. 55 5.86 3. 27 23. 08 
Great Plains 14. 64 7.03 6. 01 0.00 2. 56 11. 47 
North West 32. 75 11.03 9. 27 8.67 3. 19 18. 13 
South West 25. 93 7.85 30. 64 7.23 0. 96 20. 09 
iQther hay and pasture lands. 
^Excluding other hay and pasture lands 
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striction. The reduction in income from idled lands is espe­
cially severe in the South Central zone where over 14 million 
acres of additional idled land results if the 3 ton restric­
tion is implemented. The South Atlantic has an increase of 
idled land of over 4 million acres from the unrestricted 
analysis to the 3 ton restriction. The zones increasing 
their land use between the unrestricted and 3 ton restriction 
alternatives include the Great Plains (about 5 million acres) 
and the North Central (about 2 million acres) . 
A similar shift in income distribution occurs in the wa­
ter sector. Total consumptive use of water by agriculture 
ranges from 55 million acre feet under the unrestricted and 
10 ton restriction alternatives, to 49 million acre feet 
under the 5 ton restriction and back to 53 million acre feet 
under the 3 ton restriction. Tables 55, 56, 57 and 58. The 
major river basins most affected by the change in water use 
include the Arkansas-White-Red with a decline in consumptive 
use from 4.0 million acre feet under the unrestricted alter­
native to 2.7 million acre feet under the 3 ton restriction. 
The California-South Pacific experiences a fluctuation espe­
cially under the 5 ton restriction when water use in the area 
drops by 6 million acre feet from the less restrictive alter­
natives and then regains use of 5 million acre feet under the 
3 ton restriction. 
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Table 55. Withdrawals and consumptive use of water in 
the western river basins with unlimited soil 
loss and 69-71 average exports in 2000 (Model 
A). 
Projected 2000 
Total MÛnïcîpâî"6 
Biver basin 1965^ Agriculture industrial^ other* Total 
(000 acre feet per year) 
Withdrawals 
western basins 151733 72283 51323 7429 131035 
Missouri 21668 12961 6172 2218 21351 
Ark.-White-Red 10541 5893 8395 0 14288 
Texas-Gulf 13382 2182 16890 227 19299 
Bio Grande 8165 4104 1222 0 5326 
U. Colorado 4500 2174 1079 198 3451 
L. Colorado 7774 2815 1457 2085 6357 
Great Basin 5730 1736 1034 1276 4046 
Col.-N. Pacific 33191 23201 8 289 1425 32915 
Cal.-S. Pacific 41782 17217 6785 0 24002 
Consumptive use 
Western basins 75050 54947 21300 6613 82860 
Missouri 11822 10027 1223 2218 13468 
Ark.-White-Bed 6580 4026 1400 0 5426 
Texas-Gulf 8165 1466 7749 227 9442 
Rio Grande 4632 1619 557 0 2176 
a. Colorado 2220 2557 495 144 3196 
L. Colorado 3862 2044 678 1851 4573 
Great Basin 2524 1612 445 908 2965 
Col.-N. Pacific 11785 17076 7171 1265 25512 
Cal.-S. Pacific 23460 14520 1582 0 16102 
^Source: (78, Tables 7-3-4 and 7-3-5). 
^Includes rural domestic, municipal, self-supplied 
industrial, recreation, mining and thermal electric power. 
^Includes onsite uses and water exports out of the 
western basins. 
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Table 56. Withdrawals and consumptive use of water in 
the western river basins with 10 ton maximum 
soil loss and 69-71 average exports in 2000 
(Model B ). 
£E2Jested_2000 
Total Municipal S 
River basin 1965» Agriculture industrial^ Othsr' Total 
(000 acre feet per ysar) 
Withdrawals 
Western basins 151733 72560 51323 7429 131312 
Missouri 21668 13217 6172 2218 21607 
Ark.-White-Red 10541 59 89 8395 0 14384 
Texas-Gulf 18382 2168 16890 227 19285 
Bio Grande 8165 4104 1222 0 5326 
U. Colorado 4500 2174 1079 198 3451 
L. Colorado 7774 2755 1457 2085 6297 
Great Basin 5730 1736 1034 1276 4046 
Col.-N. Pacific 33191 23205 8 289 1425 32919 
Cal.-S. Pacific 41782 17212 6785 0 23997 
Consumptive use 
Western basins 75050 55283 21300 6613 83196 
Missouri 11822 10199 1223 2218 13640 
Ark.-White-Red 6580 4093 1400 0 5493 
Texas-Gulf 8165 1458 7749 227 9434 
Rio Grande 4632 1619 557 0 2176 
U. Colorado, 2220 2557 495 144 3196 
L. Colorado 3862 2149 678 1851 4678 
Great Basin 2524 1612 445 908 2965 
Col.-N. Pacific 11785 17078 7171 1265 25514 
Cal.-S. Pacific 23460 14518 1582 0 16100 
1 Source: (78, Tables 7-3-4 and 7-3-5). 
«Includes rural domestic, municipal, self-supplied 
industrial, recreation, mining and thermal electric power. 
^Includes onsite uses and water exports oiit of the 
western basins. 
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Table 57. Withdrawals and consumptive use of water in 
the western river basins with 5 ton maximum 
soil loss and 69-71 average exports in 2000 
(Model C ). 
PÇ2]eSted_2ggg 
Total Municipal & 
River basin 1965i Agriculture industrial® Others Total 
(000 acre feet per yaar) 
Withdrawals 
Western basins 151733 65946 51323 7429 124698 
Missouri 21668 12928 6172 2218 21318 
Ark.-White-Red 10541 5649 8395 0 14044 
Texas-Gulf 18382 2198 16890 227 19315 
Rio Grande 8165 4107 1222 0 5329 
u. Colorado 4500 2313 1079 198 3590 
L. Colorado 7774 2749 1457 2085 6 291 
Great Basin 5730 1902 1034 1276 4212 
Col.-N. Pacific 33191 22505 8 289 1425 32219 
Cal.-S. Pacific 41782 11595 6785 0 18380 
Consumptive use 
Western basins 75050 48622 21300 6613 76535 
Missouri 11822 10026 1223 2218 13467 
Ark.-White-Red 6580 3740 1400 0 5140 
Texas-Gulf 8165 1479 7749 227 9455 
Rio Grande 4632 1608 557 0 2165 
U. Colorado 2220 2649 495 144 3288 
L. Colorado 3862 2152 678 1851 4681 
Great Basin 2524 1742 445 908 3095 
Col.-N. Pacific 11785 16666 7171 1265 25102 
Cal.-S. Pacific 23460 8560 1582 0 10142 
^Source: (78, Tables 7-3-4 and 7-3-5). 
^Includes rural domestic, municipal, self-supplied 
industrial, recreation, mining and thermal electric power. 
^Includes onsite uses and water exports out of the 
western basins. 
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Table 58. Withdrawals and consumptive use of water in 
the western river basins with 3 ton maximum 
soil loss and 69-71 average exports in 2000 
(Model D ). 
Prgjected_2000 
Total Municipal & 
River basin 1965i Agriculture industrial^ other' Total 
(000 acre feet per year) 
Withdrawals 
Western basins 151733 69804 51323 7429 128556 
Missouri 21668 13336 6172 2218 21726 
Ark.-White-Red 10541 3907 8395 0 12302 
Texas-Gulf 18382 1740 16890 227 18857 
Rio Grande 8165 4114 1222 0 5336 
U. Colorado 4500 2307 1079 198 3584 
L. Colorado 7774 3189 1457 2085 6731 
Great Basin 5730 2073 1034 1276 4383 
Col.-N. Pacific 33191 22413 8289 1425 32127 
Cal.-S. Pacific 41782 16725 6785 0 23510 
Consumptive use 
Western basins 75050 53091 21300 6613 81004 
Missouri 11822 10317 . 1223 2218 13758 
Ark.-White-Red 6580 2704 1400 0 4104 
Texas-Gulf 8165 1195 7749 227 9171 
Rio Grande 4632 1633 557 0 2190 
0. Colorado 2220 2638 495 144 3277 
L. Colorado 3862 2427 678 1851 4956 
Great Basin 2524 1873 445 908 3226 
Col.-N. Pacific 11785 16502 7171 1255 24938 
Cal.-S. Pacific 23460 13802 1582 0 15384 
^Source: (78, Tables 7-3-4 and 7-3-5). 
«Includes rural domestic, municipal, self-supplied 
industrial, recreation, mining and thermal electric power. 
^Includes onsite uses and water exports out of the 
western basins. 
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Otilization of nitrogen provides an additional evalua­
tion of resource use in the analysis. The nitrogen balance 
restraints in the model prevent any regional accumulation of 
livestock wastes and encourages the use of legume crops in 
rotation with the nonlegume crops. The total utilization of 
nitrogen increases slightly as the level of soil loss re­
striction is reduced. Table 59. This is consistent with the 
higher yields per acre and the higher commodity prices making 
fertilizer, at a set price, a More economically attractive 
input. Part of the increase in fertilizer N comes from the 
increased acreage of legume crops and thus the crop supplied 
nitrogen increases from 8,496 million pounds to 8,939 million 
pounds. Livestock production of N equivalent wastes remains 
constant near 8,700 million pounds as the changes in number 
of livestock is only influenced by changes in productivity, 
given the equal demands for the livestock products under all 
alternatives. The trade-off capability of the model is ex­
hibited in the case of the 5 ton restriction when N from the 
legume crops declined and the commercial purchase of N in­
creased to maintain the total utilization in line with the 
trend. 
The indications to this point in the analysis are for 
relatively little impact on the agricultural sector at the 
national level. Regionally, the impacts will be more pro­
nounced, especially with regard to regional and inter-
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TaSlo 53. ':itro%en sources and use for alternative levels 
of soil loss restriction in 2000. 
Nitrogen source Soil loss restrirfîon 
unrAstrirted in ton 5 ton 3 ton 
(mi 11 ion pounds) 
L i vestock wastes 8728 8732 8752 8728 
Legume crops , 8496 8713 8615 8939 
Commercial purchase 6013 6053 6540 6285 
Total utilized 23237 23498 23907 23952 
^1970 usage of commercial N fertilizers totaled 14,623 
million pounds. 
Table 60. Indication of relati ve farm level prices for some 
agricultural commodities for alternati ve soi 1 
loss restrictions in 200G. 
Commodi ty Soil loss restriction 
unrestricted 10 ton 5 ton 3 ton 
(unrestricted model = 1 JO) 
Corn 100 100 107 106 
Wheat 100 33 103 103 
Soybeans 100 101 115 121 
Cotton 100 100 112 125 
Hay 100 99 101 106 
Beef 100 100 104 105 
Pork 100 100 105 104 
Milk 100 100 100 102 
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resource income distribution. The remaining group in the sys­
tem constitutes the consumer of the goods and, in most cases, 
the proponents of an improved environment. The results have 
shown that a reduced level of soil loss is technically feasi­
ble through the imposition of the appropriate per acre limits 
on sheet and rill erosion. The cost to the majority of 
society is reflected in the changing prices of the agricul­
tural bill. The pricing system reflects little change in.the 
price of the agricultural bill as the soil loss limit is 
initially reduced with a 10 ton restriction. Table 60. A re­
striction on soil loss at the 5 ton level results in all 
prices except milk increasing with soybeans and cotton in­
crease 15 and 12 percent, respectively, above their no soil 
loss restriction levels. The 3 ton restriction further in­
creases prices on most commodities. The commodities such as 
soybeans, cotton and corn, which are included in the more 
highly erosive row crops category have larger price increases 
than wheat. The price increases are also closely related to 
the regional patterns. Cotton and soybeans are grown exten­
sively in the South Atlantic and South Central zones where 
crop production practices change more extensively than in the 
other areas, when soil loss restrictions are imposed. The 
increased price of hay is related to the opportunity cost of 
row crops as the hay is included in rotations competing for 
the high productive more erosive lands in the North and South 
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Central zones. 
Livestock prices reflect the changes in the prices of 
the major components of their rations. Beef production uses 
high levels of corn, hay and some soybeans in its production 
process. Pork production utilizes a large amount of the con­
centrates and thus its price follows the price of corn. Milk 
production, on the other hand, utilizes large quantities of 
the hays and silages and concentrates in the West and Lake 
States zones where the close-grown crops are produced and 
thus, its price is not affected as much as the beef and pork. 
The soil loss analysis indicates that the assumed de­
mands can be met with little impact on the national agricul­
tural plant and mild regional shifts. What if demand was 
greater and at what level could the conservation practices 
still maintain the soil loss restrictions. The next chapter 
deals with the expanded demand possibilities in conjunction 
with a 5 ton per acre soil loss restriction. Demand is in­
creased through export increases for wheat, feed grains and 
soybeans with a similar look at the production patterns and 
soil loss effects. 
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CHAPTER IV. THE IMPACT OF EXPANDED EXPORTS 
The previous section has dealt with the impact within 
agriculture of alternative per acre soil loss restriction 
levels. The demand associated with the analysis included 
foreign trade at the 1969 to 1971 annual average level. The 
experiences of 1972 and 1973 have shown the possibility of 
greatly expanded levels for the export of feed grains, wheat 
and soybeans. What impact would expanded exports of these 
commodities have on the ability of the nation's agriculture 
to maintain production patterns without undue stress on the 
environment? To pick levels of export to use as target quan­
tities provides little margin for error. To overcome the 
point estimate problem, two additional alternatives are con­
sidered in conjunction with the 5 ton soil loss restriction 
and extrapolation between the points considered gives an in­
dication for the intermediate levels. Initially, the export 
levels of feed grains, wheat and oilmeals are doubled from 
the 1969 to 1971 average annual level and the second alterna­
tive consisted of using export levels equal to three times 
the average level. Table 61. 
In formulating a policy encouraging expanded exports, 
the policy makers must consider alternative impacts similar 
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to the decisions considered in determining the effects of the 
soil loss restrictions. Trade-offs in environmental quality 
result as greater output is developed. More land in produc­
tion means more soil loss in total and possibly per acre if 
the new lands are not equally capable of receiving erosion 
control management. Also, greater quantities of inputs must 
be utilized increasing the application of pesticides and fer­
tilizers on a regional basis, if not on a per acre basis 
also. Generally, trade-offs are not relevant in production 
patterns under an expanding export alternative as land pres­
ently in use will remain and new lands are incorporated. Re­
gional disparity is possible as the areas having excess land 
receive higher regional incomes and a larger economic and so­
cial base in the community. The major economic trade-off as­
sociated with the expanded export alternative will be the 
relative price levels and the effect on the consumer's real 
income. 
Table 61. The level of export of the feed grains, wheat 
and oilmeals in 2000, with a 5 ton soil loss 
restriction. 
Co™»dUy (units) 69-71 av:'""" 3 . ave 
Corn (bu.) 626333 
Sorghum (bu.) 126666 
Barley (bu.) 48666 
Oats (bu.) 15666 
Wheat (bu.) 658719 
Oilmeals (cwt.) 276407 
(000)  
1252668 
253332 
97332 
31332 
1317438 
552814 
1878999 
379998 
145998 
46998 
1976157 
829218 
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Production Patterns under Expanded Exports 
Increasing exports will, in the long run, be adjusted for 
through the rearrangement of production patterns and the in­
corporation of more acres into the agricultural land base. 
Agricultural land increases from 613 million acres under the 
5 ton average export model to 653 million acres when exports 
are doubled and to 702 million acres when exports are 
tripled. Table 62. Even though the increased exports were of 
the commodities associated with the row crop and close-grown 
crop categories, all acreage categories increase as exports 
expand. Rotation roughage crops increase as more erosive 
land is brought into production and the roughage is grown in 
rotation with the reguired crops. Even with the increase in 
rotation roughage crops the nonrotation or permanent roughage 
crops increase in acreage also. This indicates a greater 
roughage level in livestock rations as some of the grains 
previously fed are now allocated to the export market. The 
summer fallow and exogenous crop category increases. Table 
62, and with the fixed level of exogenous crops, this indi­
cates an increase in summer fallow as the expanded agricul­
tural plant moves to areas where summer fallow rotations are 
advantageous for production. 
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Table 62. National production of row crops, close-grown 
crops, rotation roughage crops, and permanent 
roughage crops with a 5 ton soil loss restriction 
and alternative export levels in 2000. 
Land use 59-71 ave. 
Export alternative 
2 * ave 3 * ave 
Acres cultivated 258882 
row crops 136035 
close-grown crops 73478 
rotation roughage 
crops 49369 
Permanent roughage 
crops 334734 
Summer fallow and 
exogenous crops 7788 
Total agricultural 
lands 613310 
(000 acres) 
295047 
159308 
84411 
51328 
349349 
8197 
652593 
337299 
174495 
91746 
70988 
354418 
10316 
702033 
Table 63. Acreage of cultivated land by region with a 5 ton 
soil loss restriction and alternative export 
levels in 2000. 
Region 69-71 ave 2 * ave 3 * ave 
(000 acres) 
National^ 258882 295049 337299 
North Atlantic 6680 8187 10742 
South Atlantic 10225 14401 18088 
North Central 114340 127725 138711 
South Central 66142 70409 78705 
Great Plains 35367 46409 59437 
North West 11603 12357 14494 
South West 14487 15561 17055 
^Total does not sum due to rounding in the regional part. 
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Land use 
Regionally the increased cultivated land concentrates 
more in the South Atlantic and Great Plains zones. Table 63. 
Nationally, cultivated acreage increases 14 percent as 
exports are doubled and an additional 14 percent as exports 
triple. Given the 5 ton soil loss restriction, the South 
Atlantic zone would gain the most from a doubling of exports 
as its cultivated acreage increaes by 41 percent compared to 
31 percent in the Great Plains, 23 percent in the North 
Atlantic and only 12 percent in the North Central zones. 
Tripling exports of the feed grains, wheat and oilmeals indi­
cates the capacity restraints in most zones as those zones 
with the major increases under the doubling export alterna­
tive experience a reduced absolute and percentage increase in 
acreage with the further increase in exports. The North Cen­
tral zone, where production had concentrated under the soil 
loss restrictions, increases its acreage only 12 percent as 
exports double and then only an additional 9 percent as the 
exports increase again. Similar changes occur in the South 
Atlantic and Great Plains while the North Atlantic, South 
Central and Western zones increase proportionately more after 
exports double. Table 63. 
Irrigated lands for all uses increase from 29 million 
acres under the 5 ton average export model. Table 34, to 30 
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Table 64. Irrigated acreages ia major zones with 5 ton 
maximum soil loss and double 69-71 exports in 
2000 (Model E). 
Zone and Close All 
soil class Row grown hayi Pasture Otherz Total 
(000 acres) 
United States 7096 7874 12341 931 1619 29861 
I, II 5517 4096 4906 0 948 15467 
IIIEflVE 579 1412 626 0 205 2822 
Other III,IV 976 2364 693 0 444 4477 
V-VIII 24 2 0 0 22 48 
North Atlantic 0 0 0 0 0 0 
I, II 0 0 0 0 0 0 
HIE, IVE 0 0 0 0 0 0 
Other III,IV 0 0 0 0 0 0 
V-VIII 0 0 0 0 • 0 0 
South Atlantic 0 0 0 0 0 0 
I,II 0 0 0 0 0 0 
HIE, IVE 0 0 0 0 0 0 
Other III,IV 0 0 0 0 0 0 
V-VIII 0 0 0 0 0 0 
North Central 2 0 445 0 0 447 
I, II 2 0 336 0 0 338 
HIE, IVE 0 0 0 0 0 0 
Other III,IV 0 0 109 0 0 109 
V-VIII 0 0 0 0 0 0 
South Central 1110 995 407 0 92 2604 
I,II 952 632 304 0 91 1979 
HIE, IVE 47 70 80 0 1 198 
Other III,IV 111 292 5 0 0 408 
V-VIII 0 1 0 0 0 1 
Great Plains 2939 1525 7042 464 8 11978 
I,II 2330 836 2485 0 3 5654 
HIE,IVE 342 451 271 0 3 1067 
Other III,IV 261 238 373 0 2 874 
V-VIII 6 0 0 0 0 6 
North West 1447 2117 2189 420 701 6874 
I,II 933 1062 682 0 453 3127 
HIE,IVE 122 467 260 0 100 949 
Other III,IV 379 587 193 0 140 1299 
V-VIII 13 1 0 0 11 25 
South West 1598 3237 2258 47 818 7958 
1,11 1300 1566 1099 0 404 4369 
HIE,IVE 68 424 15 0 101 608 
Other III,IV 225 1247 13 0 302 1787 
V-VIII 5 0 0 0 11 16 
» Including other hay and cropland pasture. 
^Summer fallow lands and orchards and vineyards. 
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million acres when exports are doubled. Table 64, and to 33 
million acres as exports reach 3 tines the average level. 
Table 65. This represents only an initial 3 percent and sub­
sequent 10 percent increase in acreage as the exports in­
crease compared to the 14 percent total cultivated acreage at 
each subsequent level of export alternative. Most of the in­
crease in irrigated acreage is in the production of the 
close-grown crops with only minor changes in the other 
cropping uses. The small increase in acreage for the row 
crops occurs on the class I and II land groups while the in­
crease in irrigated acreage of the close-grown crops occurs 
on all land classes with the other III and IV class experi­
encing the largest percentage increase. This is consistent 
with the idled irrigated lands under the average export al­
ternative, Table 37. 
Regionally, the pattern changes as the increase in irri­
gated row crops occurs in the Great Plains and the South Cen­
tral while the Western zones have reductions in irrigated 
acres of row crops. No zone has a decline in total irrigated 
acreage. The Great Plains has a reduction in irrigated 
pasture, moving water to a higher valued use, while the North 
West shows a definite increase in irrigated pasture as 
exports of wheat, feed grains and oilmeals increase. 
The concentration of the dryland row crops is onto the 
less erosive lands and into regions which have the compara-
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Table 65. Irrigated acreages in major zones with 5 ton 
maximum soil loss and triple 69-71 exports in 
2000 (Model F). 
Zone and Close All 
Total soil class Row grown hay* Pasture Otherz 
(000 acres) 
32973 United States 7702 9480 12872 1300 1619 
I,II 6181 4500 4507 0 948 16136 
IIIEylVE 568 1801 964 0 205 3538 
Other 111,1V 929 3177 1011 0 444 5561 
V-VIII 24 2 3 0 22 51 
North Atlantic 0 0 0 0 0 0 
I,II 0 0 0 0 0 0 
HIE, IVE 0 0 0 0 0 0 
Other III,IV 0 0 0 0 0 0 
V-VIII 0 0 0 0 0 0 
South Atlantic 0 0 0 0 0 0 
I, II 0 0 0 0 0 0 
IIIEflVE 0 0 0 0 0 0 
Other 111,1V 0 0 0 0 0 0 
V-VIII 0 0 0 0 0 0 
North Central 20 0 435 0 0 455 
I, II 20 0 326 0 0 346 
IIIEflVE 0 0 0 0 0 0 
Other III,IV 0 0 109 0 0 109 
V-VIII 0 0 0 0 0 0 
South Central 1035 1037 447 0 92 2611 
I, II 873 671 343 0 91 1978 
IIIE,IVE 48 70 81 0 1 200 
Other III,IV 114 295 5 0 0 414 
V-VIII 0 1 0 0 0 1 
Great Plains 378 1 1933 6830 470 3 13022 
I,II 320 1 857 1991 0 3 6052 
HIE, IVE 313 603 537 0 3 1456 
Other III,IV 261 473 388 0 2 1124 
V-VIII 6 0 1 0 0 7 
North West 1356 2945 2819 781 701 8602 
I, II 882 1117 681 0 450 3130 
HIE, IVE 132 665 317 0 100 1214 
Other III,IV 329 1162 496 0 140 2127 
V-VIII 13 1 0 0 11 25 
South West 1510 3565 2341 49 918 8283 
I,II 1205 1855 1166 0 404 4630 
HIE, IVE 75 463 29 0 101 668 
Other III,IV 225 1247 13 0 302 1787 
V-VIII 5 0 2 0 11 18 
1Including other hay and cropland pasture, 
zsummar fallow lands and orchards and vineyards. 
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tive advantage in their production. The acreage of rov crops 
in the North and South West zones declines as the export 
levels increase but the total cultivated lands are not 
decreased as these regions have a substantial increase in the 
acreage of the close-grown crops. Tables 31, 66 and 67. In 
the South West even with the decline in total row crop acre­
age there is an increase in acreage of row crops on the class 
I and II lands as exports increase pressure on the highly 
productive and less erosive lands for use in the production 
of the more erosive crops. The acreage of close-grown crops 
increases in all regions as exports increase. In many zones 
the largest proportion of the increase is on the IIIE and IVE 
and other III and IV land groups. This is consistent with 
the erosive characteristics of the close-grown crops and the 
erosion potential of the lands. 
Distrj^ution_of_i^e_lan^ 
An indication of the remaining productive capacity in 
agriculture is given by the quantity of potentially tillable 
land remaining idle. The unused cultivatable land under the 
5 ton average exports alternative totaled 108 million acres. 
Table 37. This is reduced by over 37 million acres to 69 
million acres under the double export alternative. Table 68. 
and by a further 42 million acres under the triple export al­
ternative, Table 69. Potentially irrigated lands contribute 
only 0.6 million acres as the exports double leaving 2.7 mil-
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Table 66. Dryland acreages in major zones with 5 ton 
maximum soil loss and doable 69-71 exports in 
2000 (Model E) . 
Zone and Close All 
Total soil class Row grown hay* Pasture Other® 
(000 acres) 
United States 152212 76537 74800 312605 6578 622732 
I,II 110722 39822 31198 0 1714 133456 
IIIE,IVE 20351 26510 17121 0 2023 66005 
Other III,IV 20922 9905 8046 0 2600 41473 
V-VIII 217 300 231 0 241 989 
North Atlantic 5010 3146 2299 6457 295 17207 
I,II 3824 2130 577 0 137 6668 
IIIEflVE 265 959 172 0 81 1477 
Other III,IV 906 54 109 0 45 1114 
V-VIII 1 5 3 0 0 32 50 
South Atlantic 13447 1411 3386 26674 1605 46523 
I,II 9655 907 1734 0 229 12525 
IIIEflVE 976 309 389 0 70 1744 
Other III,IV 2732 192 29 0 1166 4119 
V-VIII 84 3 0 0 140 227 
North Central 94839 20828 21267 33279 215 170428 
I,II 73184 15593 9546 0 70 98393 
IIIEflVE 11026 3991 4980 0 54 20051 
Other III,IV 10603 1226 833 0 70 12732 
V-VIII 26 18 0 0 21 65 
South Central 26359 20614 26421 107825 782 182001 
I,II 14952 8860 10646 0 206 34664 
HIE, IVE 6468 6980 6880 0 221 20549 
Other III,IV 4916 4710 5801 0 331 15758 
V-VIII 23 64 31 0 24 142 
Great Plains 8942 17795 16239 43016 3407 89399 
I,II 8146 8909 7281 0 1020 25356 
HIE, IVE 697 6111 2870 0 1429 11107 
Other III,IV 72 2718 325 0 958 4073 
V-VIII 27 57 0 0 0 84 
North West 404 6796 3231 27013 219 37663 
I, II 146 1155 1055 0 37 2393 
HIE, IVE 37 4657 515 0 145 5354 
Other III,IV 207 968 844 0 23 2042 
V-VIII 14 16 23 0 14 67 
South West 3211 5947 1957 68341 55 79511 
I,II 815 2268 359 0 15 3457 
HIE,IVE 882 3503 1315 0 23 5723 
Other III,IV 1486 37 105 0 7 1635 
V-VIII 28 139 177 0 10 354 
^Including other hay and cropland pasture. 
zSummer fallow lands and orchards and vineyards. 
200 
Table 67. Dryland acreages in major zones with 5 ton 
maximum soil loss and triple 69-71 exports in 
2000 (Model F). 
Zone and Close All 
Total soil class Sow grown hayi Pasture Otherz 
(000 acres) 
669060 United States 174495 91746 76233 317889 8697 
I, II 117651 41448 23743 0 1953 184795 
IIIEflVE 29079 32865 22039 0 2769 86752 
Other III,IV 27363 17071 10123 0 3734 58291 
V-VIII U02 362 726 0 241 1731 
North Atlantic 7043 3342 3779 6416 295 20875 
If II 4589 1635 438 0 137 6799 
IIIE,IVE 611 1397 634 0 .81 2723 
Other III,IV 1828 307 108 0 45 2288 
V-VIII 15 3 0 0 32 50 
South Atlantic 16238 1739 4082 28740 1605 52404 
I,II 1064 1 1070 1219 0 2 29 13159 
IIIEflVE 1521 421 1168 0 70 3180 
Other 111,1V 3992 245 322 0 1166 5725 
V-VIII 84 3 0 0 140 227 
North Central 104479 25995 17423 28795 215 176907 
I,II 77207 16319 5590 0 70 99186 
HIE, IVE 15040 5636 4656 0 54 25386 
Other III,IV 12048 3936 923 0 70 16977 
V-VIII 184 104 346 0 21 655 
South Central 32258 21799 26933 107087 1575 189652 
I,II 16322 8529 9622 0 251 34724 
HIE,IVE 7937 7673 7932 0 518 24060 
Other III,IV 7949 5490 6156 0 782 20377 
V-VIII 50 107 59 0 24 240 
Great Plains 11483 24142 17932 44001 4779 102337 
I,II 8026 10409 5619 0 1214 25268 
HIE,IVE 3051 9474 5691 0 19 24 20140 
Other III,IV 379 4195 832 0 1641 7047 
V-VIII 27 64 27 0 0 118 
North West 335 7505 3679 29398 173 41090 
I, II 77 1275 1044 0 37 2433 
HIE,IVE 37 4708 643 0 99 5487 
Other III,IV 207 1506 1156 0 23 2892 
V-VIII 1 4 16 42 0 14 86 
South West 2659 7224 2405 73452 55 85795 
I,II 789 2211 211 0 15 3226 
HIE,IVE 882 3556 1315 0 23 5776 
Other III,IV 960 1392 626 0 7 2985 
V- VIII 28 65 252 0 10 355 
1 Including other hay and cropland pasture, 
zsummer fallow lands and orchards and vineyards. 
201 
Table 68. Unused land in major zones with 5 ton maximum 
soil loss and double 69-71 exports in 2000 
(Model E). 
Zone and 
soil class 
cult.. 
Dry 
_land__ 
Irrig. 
__Pasture_S_otheri 
Dry Irrig. Total 
(000 acres) 
378638 United States 58751 2750 304681 2456 
I,II 2438 238 0 0 2676 
IIIEflVE 327 32 909 0 0 33641 
Other III,IV 20788 1389 0 0 22177 
V-VIII 12793 214 0 0 13007 
North Atlantic 4808 0 5790 0 10598 
I, II 3 36 0 0 0 336 
IIIEflVE 2012 0 0 0 2012 
Other III,IV 1680 0 0 0 1680 
V-VIII 780 0 0 0 780 
South Atlantic 5945 0 6022 0 11967 
I, II 6 49 0 0 0 649 
IIIE,IVE 2479 0 0 0 2479 
Other III,IV 19 35 0 0 0 1935 
V-VIII 8 82 0 0 0 882 
North Central 16189 3 13452 0 29644 
I,II 897 0 0 0 897 
HIE, IVE 5990 0 0 0 5990 
Other III,IV 55 50 3 0 0 5553 
V-VIII 3752 0 0 0 3752 
South Central 12327 125 61626 183 74258 
I,II 58 2 0 0 60 
HIE, IVE 4808 89 0 0 4897 
Other III,IV 4660 25 0 0 4685 
V-VIII 2801 9 0 0 2810 
Great Plains 24648 1279 142232 1163 169322 
I,II 333 0 0 0 333 
HIE, IVE 16412 485 0 0 16897 
Other III,IV 4006 708 0 0 4714 
V-VIII 3897 86 0 0 3983 
North West 2445 967 20205 746 24363 
I,II 44 80 0 0 124 
HIE, IVE 636 210 0 0 846 
Other HI,IV 14 25 576 0 0 2001 
V-VIII 340 101 0 0 441 
South West 2389 376 55354 367 58486 
I, II 121 156 0 0 277 
HIE, IVE 3 95 125 0 0 5 20 
Other III,IV 15 32 77 0 0 1609 
V-VIII 341 18 0 0 359 
iNot available by soil class. 
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Table 69. Unused laad in major zones with 5 ton maximum 
soil loss and triple 69-71 exports in 2000 
(Model F). 
Zone and Cult1 _land__ __Pasture_&_otheri 
Total soil class ~Dry Irrig. Dry Irrig. 
(000 acres) 
Dnited States 28338 983 298001 1816 329138 
I,II 4U2 206 0 0 648 
IIIEflVE 119 26 212 0 0 12138 
Other III,IV 3918 355 0 0 4273 
V-VIII 12052 210 0 0 12262 
North Atlantic 2255 0 467 3 0 6928 
I, II 2 04 0 0 9 204 
IIIEflVE 765 0 0 0 765 
Other III,IV 506 0 0 0 506 
V-VIII 7 80 0 0 0 780 
South Atlantic 2259 0 3818 0 6077 
I, II 7 0 0 0 7 
IIIE,IVE 10 40 0 0 0 1040 
Other 111,1V 3 30 0 0 0 330 
V-VIII 8 82 0 0 0 882 
North Central 5206 0 17936 0 23142 
I, II 95 0 0 • 0 95 
IIIE,IVE 641 0 0 0 641 
Other III,IV 1308 0 0 0 1308 
V-VIII 3162 0 0 D 3162 
South Central 4048 108 62263 183 66599 
I,II 0 2 0 0 2 
HIE, IVE 1300 86 0 0 1386 
Other III,IV 45 11 0 0 56 
V-VIII 2703 9 0 0 2712 
Great Plains 12488 409 141247 1157 155301 
I, II 11 0 0 0 11 
HIE, IVE 7338 112 0 0 7450 
Other III,IV 1276 213 0 0 1489 
V-VIII 3863 84 0 0 3947 
North West 1027 249 17820 11» 19210 
I, II 4 77 0 0 81 
HIE, IVE 447 2 0 3 449 
Other III,IV 255 69 0 0 324 
V-VIII 321 101 0 0 422 
South West 1055 217 50244 365 51881 
I,II 121 127 0 0 248 
HIE, IVE 395 12 0 3 407 
Other III,IV 198 62 0 0 260 
V-VIII 341 16 0 0 357 
lyot available by soil class. 
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lion acres still idled. This is reduced to only 0.9 million 
acres when feed grain, wheat and oilmeal exports reach three 
times the average. Some potential still exists to further 
increase exports as oyer 300 million acres of permanent 
pasture remains idled and livestock could concentrate on 
these lands. However, with only 29 million acres of dryland 
capable of being cultivated still remaining, the further 
level of export increase which could be supported is 
indeterminant. Of this land, 12 million acres are on the 
IIIE and IVE land group. Table 69, and may not be capable of 
producing the grains in conjunction with a 5 ton soil loss 
restriction. An additional 12 million acres are on the V-
VIII land group with almost 6 million located in the North 
and South Central zones where productivity is high and the 
soil loss restriction would represent the major problem in 
the production possibilities. 
Average yields 
The expanded levels of production affect the yields of 
the crops as they utilize new or different land classes and 
regions change between dryland and irrigated production pat­
terns. The total yield of most crops declines as export 
levels increase. With the doubling of exports, yield in­
creases are experienced by barley as the regional production 
increase results in a higher yield on the class IIIE and IVE 
land group which increases average dryland yields which in 
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Table 70. Acreage and averagé yield of crops by land 
class in the United states with 5 ton maximum 
soil loss and double 69-71 exports in 2000 
(Model E) . 
Crop and — 
land class Dryland Irrig. Total Dryland Irrig. Total 
Barley (000 acres) (bu . /acre) 
71.7 I,II 3463 832 4295 68.9 83.3 
HIE, IVE 4119 223 4342 63.3 56.5 63.0 
Other III,IV 1915 1427 3343 47.5 61.5 53.5 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 9497 2482 11979 62.2 68.4 63.4 
Corn grain (000 acres) (bu . /acre) 
I,II 48037 1909 49946 120.8 148.0 121.8 
HIE, IVE 8881 154 9036 109.3 89.8 109.0 
Other III,IV 6628 91 6719 88.1 97. 1 88.2 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 63546 2155 65700 115.8 141.7 116.6 
Corn silage (000 acres) (tons/acre) 
I,II 2174 169 2344 14.6 17. 4 14.8 
HIE,IVE 184 41 225 12.6 12.9 12.6 
Other III,IV 129 61 189 10.9 13.3 11.7 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 2487 271 2757 14.3 15.8 14.4 
Cotton (000 acres) (bales/acre) 
I,II 3652 331 3983 1.9 2. 1 1.9 
HIE,IVE 1134 11 1145 1.7 1.2 1.7 
Other III,IV 415 0 415 1.5 0.0 1.5 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 5201 342 5543 1.8 2.0 1.8 
Legume hay (000 acres) (tons/acre) 
I,II 19202 462 5 23827 3.8 7.3 4.5 
HIE,IVE 11164 466 11630 3.1 4. 1 3.2 
Other III,IV 6208 562 6770 3.7 4.8 3.8 
V-VIII 36 0 36 4.0 0.0 4.0 
Total 36610 5653 42263 3.6 6.8 4.0 
Nonlegume hay (000 acres) (tons/acre) 
I,II 11995 281 12276 2.4 2.9 2.4 
HIE, IVE 5957 160 6117 2.2 2.3 2.2 
Other HI,IV 1838 131 1968 2.1 1.4 2.1 
V-VIII 194 0 194 1.2 0.0 1.2 
Total 19984 572 20556 2.3 2.4 2.3 
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Table 70. (Continued). 
Crop and ÈSLê——————— 
land class Dryland Irrig. Total Dryland Irrxg. Total 
Oats (000 acres) (bu . /acre) 
I,II U427 313 4739 73.5 84.7 74.2 
IIIE,IVE 2245 31 2276 52.1 63.7 52.3 
Other III,IV 569 53 622 64. 1 70.6 64.6 
V-VIII 46 0 46 14.4 0.0 14.4 
Total 7287 396 7683 65.8 81.2 66.6 
Sorghum grain (000 acres) (bu . /acre) 
77.7 I,II 6133 869 7001 70.5 123.6 
IIIE,IVE 1638 48 1686 38.1 74.2 39.2 
Other III,IV 3838 69 3907 45.4 60.9 45.6 
V-VIII 0 1 1 0.0 37.0 37.0 
Total 11609 986 12596 57.6 121.1 62.6 
Sorghum silage (000 acres) (tons/acre) 
11.8 I,II 1671 19 1690 11.7 26.0 
HIE, IVE 349 0 349 10.3 0.0 10.3 
other III, IV 107 7 114 9.0 13.0 9.2 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 2127 26 2153 11.3 22.6 11.5 
Soybeans (000 acres) (bu . /acre) 
43.9 I,II 43370 173 43543 43.8 54.7 
HIE, IVE 7081 6 7087 38.7 35.4 38.7 
Other III,IV 7560 2 7563 37.2 41. 1 37.2 
V-VIII 0 0 0 0.0 15.9 15.9 
Total 58011 182 58193 42.3 53.9 42.4 
Sugar beets (000 acres) (tons/acre) 
19.1 I,II 1072 29 3 1365 17.9 23.6 
HIE, IVE 0 36 36 0.0 19.3 19.3 
Other III,IV 115 83 198 21.0 20.6 20.8 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 1187 412 1599 18.2 22.6 19.3 
Wheat (000 acres) (bu . /acre) 
I,II 30086 2661 32747 37.7 63.7 39.8 
HIE,IVE 19353 1137 20490 32.8 45.6 33.5 
other III,IV 6338 278 6616 38.1 52. 4 38.7 
V-VIII 149 0 149 13.4 0.0 13.4 
Total 55926 4076 60003 36.0 57.9 37.5 
Other hay (000 acres) (tons/acre) 
Total 18205 6117 24321 1.7 3.6 2.2 
Pasture (000 acres) (tons/acre) 
Total 312605 931 313537 0.6 2.8 0.6 
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turn offset the decline in irrigated yield. Tables 42 and 70. 
Corn silage also has an increase in yield as the class I and 
II yield increases to offset the declines in dryland yield on 
the other land classes and the yield obtained under irrigated 
production patterns. The yield decline for silage also is 
affected by the decline in acreage from 5.5 million acres 
under average exports to 2.8 million acres under the double 
export alternative. This allows the remaining silage produc­
tion to be located on the lands where it is the most produc­
tive and these are the highest yielding lands in terms of en­
ergy and protein for livestock feeds. Sorghum grain yields 
increase as a result of higher yields on class I and II lands 
for both dryland and irrigated production possibilities. No 
yields increase as exports increase from double the 1969-71 
average level. Table 70, to triple the 1969-71 level. Table 
71. For some crops land class or dryland and irrigated 
yields increase but none sufficiently to given an increase in 
the national average yield. Corn grain has a decline in 
yield on the dryland IIIE and IVE land group of 6.7 bushels 
per acre, which offsets the increased yields obtained by the 
irrigated corn. Thus, regional shifts in production and land 
class shifts can influence individual yields but as demand 
increases the less productive lands are used and the average 
product (yield per acre) declines. 
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Table 71. Acreage aad average yield of crops by land 
class in the united states with 5 ton maximum 
soil loss and triple 69-71 exports in 2000 
(Model F) . 
Crop and Acreage lield. ___ 
land class Dryland Irrig. Total Dryland Irrig. Total 
Barley (000 acres) (bu . /acre) 
I, II 2522 785 3307 64.8 82.6 59.0 
IIIE.IVE 4321 325 4646 58.9 53.3 58.5 
other III,IV 2246 1439 3685 52.9 61.8 56.4 
V-VIII 15 0 15 31.9 0.0 31.9 
Total 9104 2549 11653 59.0 67.1 60.8 
Corn grain (000 acres) (bu . /acre) 
I,II 50748 2391 53139 120.2 152.8 121.7 
IIIE,IVE 12319 141 12460 102.4 95.3 102.3 
other III, IV 9256 81 9337 82.6 90. 7 82.7 
V-VIII 94 0 94 51.9 0.0 51.9 
Total 72417 2613 75030 112.3 147.8 113.5 
Corn silage (000 acres) (tons/acre) 
I,II 862 72 934 16.0 16.6 16.1 
HIE, IVE 152 30 182 12.9 15.7 13.4 
Other III,IV 127 48 174 9.0 12.8 10.1 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 1141 149 1290 14.8 15.2 14.9 
Cotton (000 acres) (bales/acre) 
I,II 3720 310 4030 1.9 2.0 1.9 
HIE, IVE 1103 12 1115 1.6 1.1 1.6 
Other III,IV 684 0 684 1.1 0.0 1.1 
V-VIII 0 0 0 0.0 0.0 0.0 
Total 5507 322 5829 1,7 2.0 1.7 
Legume hay (000 acres) (tons/acre) 
I,II 15557 4150 19707 3.9 7.3 4.6 
HIE, IVE 14954 688 15642 3.1 4.2 3.1 
Other III,IV 7771 894 8665 3.6 4.4 3.6 
V-VIII 68 3 71 3.8 3.6 3.8 
Total 38350 5735 44085 3.5 6.5 3.9 
Nonlegume hay (000 acres) (tons/acre) 
I,II 8185 358 8542 2.4 2.9 2.4 
HIE,IVE 7084 276 7359 2.0 2.4 2.0 
Other III,IV 2353 116 2469 1.9 1.9 1.9 
V-VIII 658 0 658 1.4 0.0 1.4 
Total 18279 750 19029 2.1 2.5 2.1 
208 
Table 71. (Continued). 
Crop and AÇÇeage Ilâli. 
land class Dryland Irrig. Total Dryland Irrig. Total 
Oats (000 acres) (bu . /acre) 
I,II 3992 313 4306 74. 7 84.8 75.5 
IIIE, IVE 2975 33 3008 54. 5 62.9 54.6 
other 111,17 1145 15 1161 55. 2 47.7 55.1 
V-VIII 135 0 136 26. 4 0.0 26.4 
Total 8249 362 8611 63. 9 81.2 64.6 
Sorghum grain (000 acres) (bu . /acre) 
I,II 7029 895 7925 72. 0 121. 1 77.5 
IIIE, IVE 2741 44 2785 41 . 0 71.5 41.5 
Other III,IV 3868 73 3941 47. 2 61.3 47.5 
V-VIII 47 1 48 33. 9 37.0 33.9 
Total 13685 1013 14699 58. 7 1 14.5 62.5 
Sorghum silage (000 acres) (tons/acre) 
I,II 1421 10 1432 10. 3 26. 0 10.9 
IIIE,IVE 76 0 76 9. 6 0.0 9.6 
Other III,IV 5% 7 61 13. 2 13.0 13.2 
V-VIII 0 0 0 0. 0 0.0 0.0 
Total 1551 17 1568 10. 3 20.8 11.0 
Soybeans (000 acres) (bu . /acre) 
44.0 I,II 48142 458 48600 43. 9 56.5 
IIIE,IVE 11605 6 11610 38. 1 35.4 38.1 
Other III,IV 11130 2 11132 36. 4 41.1 36.4 
V-VIII 44 0 45 14. 6 15.9 14.6 
Total 70920 466 71387 41. 7 56.2 41.8 
Sugar beets (000 acres) (tons/acre) 
I,II 1115 293 1407 17. 6 23.3 18.8 
IIIE,IVE 0 52 52 0. 0 19.6 19.6 
Other III,IV 115 54 169 21. 0 18.4 20.2 
V-VIII 0 0 0 0. 0 0.0 0.0 
Total 1230 399 1628 17. 9 22.2 19.0 
Wheat (000 acres) (bu ./acre) 
I,II 33086 3113 36199 38. 3 62.5 40.4 
IIIE, IVE 24776 1423 26198 32. 1 45.8 32.8 
Other III,IV 12596 1118 13714 32. 4 51. 1 34.0 
V-VIII 105 0 105 19. 8 32.0 19.8 
Total 70563 5654 76216 35. 0 56. 1 36.6 
Other hay (000 acres) (toas/acre) 
Total 19602 6387 25990 1. 7 3.6 2.2 
Pasture (000 acres) (tons/acre) 
Total 317889 1301 319190 0. 6 2.8 0.6 
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Soil Loss Under Expanded Exports 
Increasing demand requires a greater level of output 
which is only available from greater levels of inputs, espe­
cially land. Utilizing a greater level of land results in a 
larger level of soil loss. Onder a 5 ton average export al­
ternative national soil loss is 726 million tons. Table 15. 
This increases to 843 million tons under the double exports 
alternative. Table 72, and to 974 million tons under the 
triple export alternative. Table 73. Thus, doubling exports 
only increases soil loss by 16 percent and tripling exports 
increases soil loss on additional 16 percent. This compares 
with a 14 percent increase in cultivated acreage as exports 
initially double and then another 14 percent increase in 
cultivated acreage as exports triple. 
Regional soil loss 
The regional total soil loss follows closely with the 
regional increase in acreage except for the North West zone 
where a decline of 1 million tons of soil loss occurs as 
exports levels are doubled. Tables 15 and 72. The decline in 
the North West occurs while cultivated acreages increase by 
754 thousand acres. Table 63. but the shift from row crop to 
close-grown crops reduces the per acre soil loss and the 
total loss from the area. The Great Plains zone has the 
largest percent increase in soil loss, 62 percent, as exports 
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Tab le  72 .  To ta l  so i l  e ros ion  on  cu l t i va ted  lands  i n  ma jo r  
zones  i/ i t h  a  5  ton  so i l  l oss  res t r i c t i on  and  
doub le  1953-71  average  l eve l  expor ts  i n  2000 .  
Land Class 
Zone  other 
1,11 illE-IVE III-IV y-Vill Total 
(million tons) 
I'n i te; 1 States 517 211^ 111 1 31*3 
'orth ^tlant i c 21 5 3 n 30 
Tout h Atlantic 35 5 3 0 49 
'ortli ''•c?ntra 1 252 71 32 0 355 
"ou tb '^entrai 115 SO 5-3 0 254 
 ^" •: 'l^ins FO 23 3 9 86 
•'orth "est 6 11 2 0 19 
'out h '••est 16 19 5 0 40 
^For all cultivated crops i n c l u d i n g  rotation hay. 
r1 n 77. Total soil orosion on cultivated lands in major 
zones with m 5 ton soil loss restriction and . 
triple 1050-71 average level exports in 2300. 
Land Class 
Zone 
1,11 ll|c-|vc 1 
other 
II-IV V-V I M  Total 
(mill ion tons) 
I'n i ted States 5 27 287 155 4 974 
''ortu Atlantic 23 11 3 0 42 
Houth Atlantic 35 10 13 0 • 59 
.'orth Central 269 97 35 2 404 
South •'"entrai 114 94 78 1 287 
•"roat Plains 63 45 10 0 119 
'!orth 'fest 6 10 4 0 20 
Couth "est IG 18 8 1 43 
^For  a l l  cu l t i va ted  c rops  i nc lud ing  ro ta t ion  hay .  
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are doubled, compared to only a 31 percent increase in acre­
age, Table 63. When exports increase to three times the av­
erage level, soil loss increased only 38 percent in the Great 
Plains, Table 73. compared to the 28 percent increase in 
acreage. Table 63. 
In most regions the increase in total soil loss from 
land classes IIIE and IVE is more than proportionate to the 
increase in acreage on the land class. Land class I and II 
do not have proportionate increases in total soil loss. 
These shifts are consistent with the relative erodibility and 
regions of increased production. The IIIE and IVE lands are 
incorporated in the South Central, North Central and South 
Atlantic regions where erosion is already high, while the 
class I and II lands are incorporated in the Great Plains and 
the North and South West zones where erosion is lower. 
On a per acre basis at the national level, soil loss in­
creases by 0.1 tons per acre as exports double. By land 
class, increases in per acre soil loss are found only on 
class IIIE and IVE (0.1 tons) and class V-VIII (0.3 tons). 
Tables 21 and 74. This is consistent with the erodibility 
characteristics of these land classes and the utilization of 
more of the regionally less productive lands. When exports 
double the regional impact on per acre soil loss is for an 
increase in the North Atlantic (0.4 tons per acre). South 
Atlantic (0.1 tons per acre). North Central (0.1 tons per 
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Tnh le  74 .  ^o r  ac re  so i l  e ros ion  
zones  v . ' i t h  5  t on  so i l  
106^ -71  average  l eve l  
on  cu l t i va ted  lands  i n  ma jo r  
l oss  res t r i c t i on  and  doub le  
expor ts  i n  2000 .  
Land class 
7one other 
1,11 IIIF-IVE lll-IV V-VIII Average 
(tons per acre) 
'.'plted States 2.7 3.2 2.8 1.8 2.9 
;iorth Atlantic 3.5 4.6 3.3 G 3.9 
^outh Atlantic 3.!p 3.6 3.5 0 3.It 
'iorth rentrai 2.8 3.6 2.7 0 2.9 
••>out!i Central 3.2 If.O t^.O 1.1 3.6 
r.roat "la ins 2.0 2.0 0.5 0 1.8 
iortli '-.'est 1.5 1.9 0.9 2.1 1.5 
South Vest 2.5 3.2 1.9 1.9 2.5 
T;ibls 75. ^-'nr acre soil erosion 
zones with 5 ton soil 
1959-71 average level 
on cultivated lands in major 
loss restriction and triple 
experts in 2000. 
Land class 
Zone other 
Ml llir-IVE lll-IV V-VIII Ave rage 
(tons Der acre) 
Un i ted Ttates 2.8 3.2 2.7 3.0 2.9 
•forth Atlantic 3. 8 4.3 3.7 0 3.9 
South Atlantic 3.1 3.5 3.5 0 3.2 
'orth rentrai 2.0 3.8 2.2 3.8 2.9 
"outh rentrai 3.2 4.1 1.9 2.8 3.G 
("rr-at 'la Ins 2.1 4.5 1.2 3.1 2.0 
.'lorth West 1.4 1.8 0.9 3.3 1.4 
Couth ••'est 2.5 3.0 1.8 1.7 2.5 
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acre), and the Great Plains (0.3 tons per acre) zones. The 
declines in per acre soil loss in the North West and the 
small increase in the South Atlantic and North Central, where 
large acreages exist, influence the national weighted average 
such that it reflects very little change in per acre soil 
loss (0.1 tons per acre). 
Increasing exports further to triple the 1969-71 average 
level results in no further increase in average national per 
acre soil loss, even though a large increase, 1.2 tons per 
acre, occurs on the V-VIII land class. Tables 74 and 75. 
The relatively small acreage of this land group and the small 
changes in the other land classes gives no change in the 
weighted average. Regionally, the high export alternative 
reduces average per acre soil loss in the South Atlantic 
below the level when exports were doubled and when exports 
were average. The North West zone has an additional decline 
in average per acre soil loss of 0.2 tons per acre. By land 
class the reduction from the double export level occurs on 
all land classes except class V-?III where soil loss in­
creases from 2.1 to 3.3 tons per acre. The small acreage 
relative to the other land classes prevents the increase in 
the class V-VIII lands from increasing the regional average 
and national average per acre soil loss. Even with the 
shifts in land class and regional soil loss patterns, little 
change occurs in the per acre soil loss under the alternative 
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conservation-tillage practices. Table 76, 
Table 7(5. Average acre soil loss under alternative soil 
conservation practices with a 5 ton soil loss 
restriction and alternative export levels in 2000, 
Conservation practice 
59-71 ave 
Export alternative 
2 * ave 3 * ave 
(tons per acre) 
Conventional tillage 
straight row 2.5 2.5 2.4 
contour i ng 3.1 3.1 3.1 
strip crop-terracing 3.3 3.3 3.1 
^educed tillage 
straight row 2.7 2.9 3.0 
contouring 3.7 3.7 3.8 
strip crop-terrncing 2.9 3.0 3.3 
Incorporating the 5 ton soil loss situation with the 
export increase has a major effect on the farming practices 
utilized for the increased production. Doubling exports in­
creases cultivated acreage by 14 percent but conventional 
tillage methods only increase by 10 percent. Tables 28 and 
77, within the conventional tillage practices straightrov 
farming increases by only 3 percent while contouring in­
creases 16 percent and strip cropping-terracing increases by 
29 percent. In absolute values conventional tillage in­
creases by 20.6 million acres while the reduced tillage al­
ternatives increase by 15,5 million acres. As exports 
double, the contouring and strip cropping-terracing farming 
practices for both tillage methods experience the largest in­
crease in acreage cultivated. 
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Table 77. Acreages under conservation practices in major 
zones with 5 ton maximum soil loss and double 
69-71 exports in 2000 (Model E ).* 
__Conventional_tillaae Beduced^tillaae 
Zone and Str. Contour S. crop str. Contour S. crop 
soil class row only terrace row only terrace 
(000 acres) 
United States 133449 43103 45304 28354 25743 19094 
I,II 85140 28753 23747 20151 20169 10928 
HIE, IVE 29092 11441 10013 5740 4215 5545 
other III,IV 18791 2909 11544 2463 1359 2621 
V-VIII 427 0 0 0 0 0 
North Atlantic 2614 1751 3098 154 252 318 
I,II 2011 1463 2144 141 252 0 
HIE, IVE 246 66 652 0 0 318 
Other III,IV 358 222 302 14 0 0 
V-VIII 0 0 0 0 0 0 
South Atlantic 2536 4436 3474 1520 676 1759 
I,II 2293 3593 1958 1120 2 00 1719 
HIE, IVE 113 103 847 320 0 39 
Other III,IV 130 740 669 30 476 0 
V-VIII 0 0 0 0 0 0 
North Central 48297 18808 3789 23822 17332 15677 
I,II 37237 16175 2271 16548 15211 8524 
HIE,IVE 6156 1340 609 4928 2121 4559 
Other III,IV 4903 1293 910 2347 0 2594 
V-VIII 0 0 0 0 0 0 
South Central 26865 12782 21506 1191 6724 1341 
I,II 17450 5127 7439 690 3747 684 
HIE,IVE 5386 7003 4664 489 2094 629 
Other III,IV 3943 653 9403 12 883 28 
V-VIII 85 0 0 0 0 0 
Great Plains 28904 2709 12371 1667 758 0 
1,11 15947 1910 9935 1653 758 0 
HIE,IVE 8575 798 2176 4 0 0 
Other III,IV 4383 0 260 10 0 0 
V-VIII 0 0 0 0 0 0 
North West 9366 1925 1066 0 0 0 
I,II 4258 0 0 0 0 0 
HIE, IVE 2766 1925 1066 0 0 0 
Other III,IV 2317 0 0 0 0 0 
V-VIII 26 0 0 0 0 0 
South West 14868 693 0 0 0 0 
I,II 5945 486 0 0 0 0 
HIE, IVE 5851 207 0 0 0 0 
Other III,IV 2756 0 0 0 0 0 
V-VIII 316 0 0 0 0 0 
ipor all cultivated crops including rotation hay. 
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Further increasing exports of the grains to three times 
the 1969-71 average level increases cultivated acreage by a 
further 14 percent. The acres under conventional tillage in­
creases by an additional 11 percent. Table 78. Within the 
conventional tillage practices straight row farming does not 
increase, contouring increases 12 percent and strip cropping-
terracing increases by 42 percent. Under reduced tillage 
practices straight row acreages increase 17 percent, contours 
20 percent and strip cropping-terracing by 42 percent. Given 
the larger total acreage under conventional tillage the 
smaller percentage income still represents an increase of 24 
million acres while reduced tillage acres increase by only 18 
million acres as export levels reach the 3 times 1969-71 av­
erage level. 
Regional and land class patterns do not necessarily 
follow the national pattern. Under the doubling of grain 
exports, the increase in straight row farming occurs mostly 
on the other III and IV land class, while most of the in­
crease in the acreage for the other land classes occurs in 
the contouring and strip cropping-terracing alternatives. 
The South Atlantic and South Central zones have a reduction 
in conventional tillage-straight row farming as exports 
expand. The decrease is offset by the increase in reduced 
tillage and the conservation techniques. Table 28, 77 and 78. 
The conventional tillage straight row farming practices in-
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Table 78. Acreages andec conservation practices in major 
zones with 5 ton maximum soil loss and triple 
69-71 , exports in 2000 (Model F 
__Conventionai_tiliâ3i- Reâttçei-tillaai 
Zone and Str . Contour S. crop Str. Contour S. crop 
soil class row only terrace row only terrace 
(000 acres) 
United States 133298 48190 64500 33289 30339 27113 
I,II 74528 29400 29318 22826 23010 11830 
IIIE,IVE 30350 14322 18567 7090 5524 11698 
Other 111,1V 27902 4403 16615 3305 1783 3584 
V-VIII 518 64 0 68 522 0 
North Atlantic 2593 2996 4256 382 139 376 
I,II 1565 1770 2453 216 139 0 
IIIE,IVE 421 319 1466 5 0 318 
Other III,IV 608 907 337 161 0 58 
V-VIII 0 0 0 0 0 0 
South Atlantic 1142 4548 4301 3654 1532 2911 
I,II 592 3371 2283 1886 762 2631 
IIIE,IVE 251 215 1201 1008 0 185 
Other III,IV 300 961 818 759 769 95 
V-VIII 0 0 0 0 0 0 
North Central 42764 21357 8604 24856 20440 20690 
I,II 32460 17351 3924 1 7023 17490 8520 
IIIE,IVE 3167 2553 1849 5583 2332 9577 
Other III,IV 7137 1454 2831 2181 96 2594 
V-VIII 0 0 0 68 522 0 
South Central 25757 14444 26708 1489 7659 2648 
I, II 15856 4989 9183 922 3565 680 
IIIE,IVE 4771 8499 5695 490 3191 1130 
Other III,IV 4976 926 11831 77 902 838 
V-VIII 153 30 0 0 0 0 
Great Plain's 33060 2254 19656 2910 1069 488 
I,II 13755 1461 11476 2780 1054 0 
IIIE,IVE 12523 605 7381 4 0 488 
Other III,IV 6781 155 799 126 16 0 
V-VIII 1 34 0 0 0 0 
North West 11594 1925 975 0 0 0 
I, II 4301 0 0 0 0 0 
IIIE,IVE 3254 1925 975 0 0 0 
Other III,IV 3994 0 0 0 0 0 
V-VIII 45 0 0 0 0 0 
South West 16388 667 0 0 0 0 
I,II 6000 459 0 0 0 0 
IIIE,IVE 5963 207 0 0 0 0 
Other III,IV 4106 0 0 0 0 0 
V-VIII 318 0 0 0 0 0 
ipor all cultivated crops including rotation hay. 
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crease in the Great Plains, North West and South West as 
formerly idled lands are included. Also, in these zones ero­
sion is not as great a hazard and the increased straight row 
farming occurs on all land classes. In these three zones 
with the tripling of exports reduced tillage only amounts to 
3.7 million acres, up from the 1,2 million acres under aver­
age exports. The shifts in land use and conservation prac­
tices require changes in resource usage. 
Resource use patterns under expanded exports 
Increasing exports has little effect on resource use, 
except to increase the marginal value product of the variable 
inputs. Nationally, total per acre resource input for row 
crops increases from $82.51 under the average level export 
alternative. Table 47, to $91.68 under double exports. Table 
79, and to $120.38 when exports are tripled. Table 80. Costs 
are increasing at an increasing rate as the marginal product 
of the variable inputs declines and the implied return to the 
more productive inputs increases, close-grown crops do not 
increase to a similar dollar level but on a percentage basis 
the increase in return for the close-grown crops is greater 
than the row crops (16.5 percent compared to 11.1 percent as 
exports double and 56.4 percent compared to 45.9 percent when 
exports increase from average to triple). 
Host of the increase in return per acre results from the 
increased return to land. For row crops and as exports 
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Table 79. Value of resource use in crop production by 
major zones in the United States for 5 ton 
maximum soil loss and double 69-71 exports in 
2000 (Model E). 
Zone-item Land Water Labor Mach Pest Other Total 
($ per acre) 
United States 
Row cropsi 29.64 0.20 
Close cropsz 15.96 0.20 
North Atlantic 
Row crops 14.18 0.00 
Close crops 13.WO 0.00 
6.10 38.52 5.71 11.48 91.68 
3.50 25.61 0.89 2.92 49. 11 
9.19 62.11 3.20 
6.41 42.82 1.96 
17.59 106.28 
14.88 79.48 
South Atlantic 
Row crops 13.41 0.00 
Close crops 18.44 0.00 
North Central 
Row crops 35.93 0.00 
Close crops 18.28 0.00 
8.34 42.15 6.86 19.18 89.95 
4.45 36.32 1.95 15.33 76.51 
5.22 36.34 6.37 12.25 96.13 
3.32 24.97 1.88 4.11 52.58 
South Central 
Row crops 30.43 0.05 
Close crops 23.96 0.03 
Great Plains 
Row crops 12.25 0.86 
Close crops 6.20 0.07 
7.35 41.75 5.21 6.51 91.32 
3.35 26.40 0.51 1.06 55.34 
5.87 40.72 3.68 9.69 72.09 
3.21 26.03 0.35 0.28 36.16 
North West 
Row crops 9.56 
Close crops 16.14 
South West 
Sow crops 13.30 
Close crops 12.71 
1.37 
0.18  
3.69 
1 ,  .45 
9.29 18.24 0.42 13.53 52.44 
4.17 24.86 1.03 4.83 51.22 
6.19 30.69 2.07 3.03 59.00 
3.05 17.56 0.06 2.33 37. 18 
^Includes corn,cotton,sorghum,soybeans and sugar beets. 
^Includes barley,oats and wheat. 
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Table 80. Value of resource use in crop production by 
major zones in the United States for 5 ton 
maximum soil loss and triple 69-71 exports in 
2000 (Model F) . 
Zone-item Land Water Labor Hach Pest Other Total 
($ per acre) 
United States 
Row cropsi 56.38 
Close cropsz 31.51 
North Atlantic 
Row crops 31.88 
Close crops 34,42 
South Atlantic 
Row crops 36.15 
Close crops 39.59 
0.27 6.03 39.94 6.13 11.60 120.38 
0.22 3.53 26.03 0.95 3.62 65.89 
0.00 10.09 68.60 3.74 19.10 133.43 
0.00 7.08 46.63 1.88 15.14 105.18 
0.00 8.09 44.03 8.35 19.32 115.95 
0.00 4.66 36.97 4.18 16.68 102.11 
North Central 
Row crops 67.21 0.00 
Close crops 37. 88 0.00 
South Central 
Row crops 53.83 0.04 
Close crops 41.03 0.03 
5.15 36.61 6.62 12.11 127.70 
3.34 25.22 1.92 *.53 72.92 
7é 13 44. 31 5.33 6.63 117.30 
3.35 26.69 0.52 1.61 73.26 
Great Plains 
Row crops 34.80 
Close crops 18.29 
North West 
Row crops 14.94 
Close crops 34.69 
1.52 
0.07 
1.46 
0 26 
5.53 41.47 5.06 9.31 97.72 
3.19 26.43 0.32 2.12 50.45 
7.53 15.37 0.25 13.07 52.65 
4.39 25.61 1.05 5.57 71.60 
South West 
Row crops 21.21 5.51 
Close crops 22.70 1.57 
5.78 28.75 2.12 3.72 67.11 
3.08 17.86 0.08 1.78 47.08 
1Includes corn,cotton,sorghum,soybeans and sugar beets 
^Includes barley,oats and wheat. 
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double the $9.17 increase in per acre resource use results 
from an $8.50 increase in the return to land, leaving only 
$0.67 as an increase in return to the other factors. Water 
receives a smaller return per acre mostly as a result of the 
large increase in total cultivated acres over which a small 
increase in water is to be allocated. In the zones where wa­
ter is used the per acre return to water reflects its greater 
use and value as its return increases. 
Regional increases in return per acre for row crops var­
ies as exports are increased. When exports double the re­
gional percent increase in return per acre varies from -4.6 
percent in the Great Plains to 13.7 percent in the North Cen­
tral zone and 13.0 percent in the South Atlantic. The North 
Central and South Atlantic have almost egual percentage in­
creases in total returns, however, in the North Central 
$10.99 of the $11.58 increased total return goes to land 
while in the South Atlantic only $4.65 of the #10.35 total 
increase goes to land. The remainder of the South Atlantic's 
increased return goes to the machinery, pesticide and other 
(fertilizer) categories. As exports of the feed grains, 
wheats and oilmeals increase the Great Plains brings enough 
land into production to utilize the livestock wastes such 
that the return to the other category increases and for 
close-grown crops is no longer negative as occurred with the 
average export alternative. This indicates a surplus demand 
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situation for nitrogen vastes as opposed to the surplus sup­
ply situation which existed under the average exports and 5 
ton soil loss restriction. 
The total return to each of the agricultural sectors in­
creases as exports are increased, except water when exports 
double. Table 81. The reduced value of water results as land 
class and regional patterns shift the high valued row crops 
out of the irrigated areas and substitute the lower valued 
close-grown crops. Also as land use increases the regional 
competitive advantage shifts to place more of the return on 
the productive land and if water is not the scarce resource, 
the returns are bid away from the water sector causing a 
lower per unit value and a lower total return to the water 
sector. As experts increase to triple the 1969-71 average 
level the demand for water increases further as essentially 
all irrigated land is utilized and water becomes a scarce re­
source in some regions, with the large quantity utilized and 
the slightly higher per acre return, but not yet to the level 
of the average exports, the total return exceeds the return 
generated with the average level exports. 
Landowners are the relatively larger gainers as exports 
are increased. The return to land increases by 66 percent if 
exports double and by 270 percent if exports triple. The 
pesticide sector receives the next largest percent gain in 
income as exports increase with a 22 percent increase if 
Table '.51. •îeturns to the national resource sectors of agriculture from the produc­
tion of row crops and close-grown crops with a 5 ton soil loss restric­
tion and alternative levels of exnorts in 20)0. 
Export level 
crop Land 'a ter Labor Mach Pest other Total 
(mi 11 ion do!lars) 
Ave. 1903-1)71 
row crops 287o 
close crops 76G 
total 35U2 
I G  
60  
870 
247 
1117 
5059 
IS 25 
588U 
748 
54 
802 
1G23 
186 
1809 
11220 
3094 
14314 
2 * average 
row crops 4722 
close crops 1347 
total 6069 
32 
17 
49 
972 
295 
1267 
6137 
2182 
8299 
910 
75 
985 
1829 
246 
2075 
14605 
4145 
18750 
3 * average 
row crops 10272 
close crops 3190 
total 13462 
49 
2 2  
71 
1093 
357 
145S 
7277 
2635 
3912 
1117 
96 
1213 
2113 
366 
2479 
21933 
6670 
28603 
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exports double and a 51 percent increase if exports triple. 
The labor sector increases total returns by only 13 percent 
if exports double and by only 30 percent if exports triple. 
These compare to an increase of 31 percent in total return to 
all agriculturally related sectors combined if exports double 
or an increase of 100 percent in total return if exports 
triple. The similarity in return to the labor, machinery, 
pesticide and other sectors results from their fixed per acre 
value and any increase in their share of the return results 
from increased acreages and regional, land class or conserva­
tion tillage method changes. For land and water their price, 
return, is determined internally to the solution procedure 
and they are directly affected by the commodity prices. 
Thus, as prices increase the return to land and water is 
affected proportionally as well as by their respective level 
of use. 
Total national returns to agriculture increase by 31 
percent if exports double or increase by 100 percent if 
exports triple. Regionally, the increases range from a 10 
percent increase in return in the South West if exports 
double to an increase of 206 percent in the Great Plains if 
exports triple. The Great Plains is the zone where the 
greatest increase in return occurs under either of the con­
sidered higher export levels. This results from the in­
creased acreage as well as the increased per acre return oc-
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cucring in the zone. Many of the other zones; the North Cen­
tral, South Central, and South West, for example, where in­
creases in total acreage are not as large, do not have equal 
increases in income. In absolute terms the North Central 
zone receives the larger increase in returns as total returns 
to all agricultural sections increase from $7,573 million to 
$10,212 million if exports double or to $15,211 million if 
exports triple. 
The increase in income by crop type is not uniform with­
in the agricultural zones. The North Atlantic, South Central 
and Great Plains zones have percent increases in returns from 
the row crops greater than the percent increase in return 
from the close-grown crops. Table 82, The remaining zones 
have a greater percentage increase in return from the close-
grown crops. The North West zone has a decline in return 
from the row crops of 12 percent if exports double and 19 
percent if exports triple compared to overall income in­
creases of 30 and 96 percent, respectively. The South West 
has a decline in returns from row crops if exports triple 
with only a 1 percent increase in returns from row crops if 
exports double. 
The return to the individual land classes increases for 
all lands except the V-VIII class where the return per acre 
drops as more of the land is used and the marginal return per 
acre is reduced. Tables 53, 83 and 84. With the 5 ton soil 
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Table 82. Total returns to the regional agricultural related 
sectors from the production of row crops and close-
rov/n crops with a 5 ton soil loss restriction and 
alternative export levels in 2000. 
'e%inn/crop Export alternative 
59-71 ave 2 * ave 3 * ave 
"ni tri States 
row crops 
closn croos 
total 
crth Atlantic 
ro'.' crops 
close crops 
total 
(mi 11 ion dollars) 
11220 14605 21933 
3094 4145 6o70 
14314 13750 28603 
447 532 940 
175 250 352 
623 782 1292 
luth \tlonti( 
row crops 
closp crops 
total 
301 
53 
854 
12in 
108 
1318 
1583 
178 
2 0 6 1  
"ortî-1 Central 
ro'f croos 
close crops 
total 
7151 
812 
7973 
9117 
1005 
10212 
13345 
189G 
15241 
Hnuth Inntral 
rov; crops 
close crops 
total 
1996 
955 
2951 
2508 
1136 
3704 
3905 
1G73 
5578 
•rciat Plairas 
rov/ crops 
close crops 
total 
422 
494 
916 
857 
699 
1556 
1402 
1315 
2807 
"orth 'est 
r^w crons 
close crops 
totn 1 
South "/est 
row crops 
close crops 
total 
110 
317 
427 
282 
288 
570 
97 
457 
554 
284 
341 
625 
89 
748 
837 
2 8 0  
508 
788 
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Table 83. shadow prices(marginal value products) of 
alternative land classes in major zones in 2000 
(Model E ).' 
Land classes 
Other " 
Zone I,II IIIEflVE III-IV V-VIII Otheri Totals 
($ per acre) 
United States 32. 25 14. 00 15. 22 2. 06 3. 24 25. 83 
North Atlantic 20. 00 0. 00 5. 39 0. 00 1. 84 15. 27 
South Atlantic 20. 71 10. 99 4. 49 0. 00 4. 40 17. 39 
North Central 38. 39 19. 02 18. 17 0. 00 5. 78 33. 49 
South Central 38. 38 18. 80 18. 94 4. 47 3. 99 28. 58 
Great Plains 12. 70 4. 76 1. 80 0. 00 2. 48 9. 63 
North Best 37. 16 10. 86 13. 29 8. 81 2. 86 20. 37 
South West 26. 82 5. 89 17. 89 0. 85 1. 05 16. 56 
iQther hay and pasture lands. 
^Excluding other hay and pasture lands. 
Table 84. Shadow prices(marginal value products) of 
alternative land classes in major zones in 2000 
(Model F ). 
Other 
Zone I,II IIIEflVE III-IV V-VIII Othsri Totaiz 
($ per acre) 
United States 61. 33 30. 48 29. 66 6. 07 4. 14 47. 72 
North Atlantic 46. 16 15. 80 20. 10 0. 00 2. 96 33. 99 
South Atlantic 51. 27 22. 11 26. 16 0. 00 4. 12 41. 52 
North Central 71. 45 41. 81 41. 30 2. 61 7. 14 62. 26 
South Central 65. 35 39. 36 33. 60 1 9. 82 4. 77 49. 51 
Great Plains 34. 10 14. 01 9. 49 0. 00 4. 54 23. 72 
North West 67. 47 29. 64 22. 99 19. 18 4. 28 39. 00 
South West 44. 95 17. 07 17. 87 3. 34 1. 60 27. 57 
1 Other hay and pasture lands. 
^Excluding other hay and pasture lands. 
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loss restriction and average exports, the class V-VIII lands 
receive $6.72 per acre rent attributed mostly to the $16.50 
return in the South West. Other regions also use some of the 
V-VIII lands hut the return is not large enough to be record­
ed thus reducing the only recorded return as it is averaged 
over all acres in the nation. Doubling exports increases the 
return to all lands except V-VIII in the South West. In the 
South Central and North West zones the return to the V-VIII 
lands has increased to where it is now measurable and above 
the return to these lands in the South West. The decline in 
return in the South West results from a shift in land use as 
the V-VIII is now used to produce relatively more of the 
close-grown crops and hays. Table 63. If exports triple the 
only lands not receiving any return are the class V-VIII 
lands in the North Atlantic, South Atlantic, and Great Plains 
zones. Seme of these lands in each region are used and their 
return is zero at the margin. Thus, these lands represent 
the regionally marginal inputs against which the productivity 
of all the other lands are compared to determine their rela­
tive return. 
Use of water and nitrogen under alternative export levels 
The use of resources other than land also increases. 
Consumptive use of water for agriculture increases from 48.6 
million acre feet under the average export alternative to 
50.3 million acre feet under the double export alternative 
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Table 85. Withdrawals and consumptive use of water in 
the western river basins with 5 ton maximum 
soil loss and double 69-71 exports in 2000 
(Model E ) . 
Total Municipal & 
River basin 1965i Agriculture industrial^ Other* Total 
(000 acre feet per year) 
Withdrawals 
Western basins 151733 68207 51323 7429 126959 
Missouri 21668 12958 6172 2218 21348 
Ark,-White-Red 10541 6061 8395 0 14456 
Texas-Gulf 18382 2231 16890 227 19348 
Rio Grande 8165 3989 1222 0 5211 
U. Colorado 4500 2554 1079 198 3831 
L. Colorado 7774 2707 1457 2085 6249 
Great Basin 5730 2136 1034 1276 4446 
Col.-N. Pacific 33191 229 86 8289 1425 32700 
Ca^.-s. Pacific 41782 12585 6785 0 19370 
Consumptive use 
Western basins 75050 50343 21300 6613 78256 
Missouri 11822 10013 1223 2218 13454 
Ark.-White-Red 6580 4002 1400 0 5402 
Texa s-Gulf 8165 1490 7749 227 9466 
Rio Grande 4632 1528 557 0 2085 
U. Colorado 2220 2823 495 144 3462 
L. Colorado 3862 2128 678 1851 4657 
Great Basin 2524 1908 445 908 3261 
Col.-N. Pacific 11785 17035 7171 1265 25471 
Cal.-S. Pacific 23460 9416 1582 0 10998 
^Source; (78, Tables 7-3-4 and 7-3-5). 
«Includes rural domestic, municipal, self-supplied 
industrial, recreation, mining and thermal electric power. 
^Includes onsite uses and water exports out of the 
western basins. 
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Table 86. Withdrawals and consumptive use of water in 
the western river basins with 5 ton maxiaum 
soil loss and triple 59-71 exports in 2000 
(Model F ). 
Projected 2000 
Total Municipal 5 
River basin 1965^ Agriculture industrial^ Dthar^ Total 
(000 acre feet per year) 
Withdrawals 
Western basins 151733 74390 51323 7429 133142 
Missouri 21668 13313 6172 2218 21703 
Ark. -White-Red 10541 6413 8395 0 14808 
Texas-Gulf 18382 2246 16890 227 19363 
Rio Grande 8165 4506 1222 0 5728 
U. Colorado 4500 2883 1079 198 4160 
L. Colorado 7774 2827 1457 2035 6369 
Great Basin 5730 2308 1034 1276 4618 
Col.-N. Pacific 33191 26518 8 289 1425 36232 
Cal.-S. Pacific 41782 13376 6785 0 20161 
Consumptive use 
Western basins 75050 55458 21 300 6613 83371 
Missouri 11822 10174 1223 2218 13615 
Ark.-White-Red 6580 4228 1400 0 5628 
Texas-Gulf 8165 1505 7749 227 9481 
Pio Grande 4632 1903 557 0 2460 
U. Colorado 2220 3069 495 144 3708 
L. Colorado 3862 2069 678 . 1851 4598 
Great Basin 2524 2042 445 908 3395 
Col.-N. Pacific 11785 20500 7171 1265 28936 
Cal.-S. Pacific 23460 9968 1582 0 11550 
^Source: (78, Tables 7-3-4 and 7-3-5). 
^Includes rural domestic, municipal, self-supplied 
industrial, recreation, mining and thermal electric power. 
^Includes onsite uses and water exports out of the 
western basins. 
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and to 55.4 million acre feet under the triple export alter­
native, Talbes 57, 85 and 86. The Missouri and Texas-Gulf 
basins have no significant change in water use with either 
export alternative while all other basins have an increased 
use of water as exports increase. The Lower Colorado basin 
has a decline in consumptive use of water for agriculture as 
more is transferred to the California-South Pacific basin for 
use in high return alternatives. The remaining river basins 
increase consumptive use of water as their acreage of irrig­
ated lands increase. 
Nitrogen use increases proportionate to the export 
levels. Table 87. Livestock production of nitrogen increases 
only slightly as rations, feeding period and regional produc­
tion patterns adjust to the changing conditions. The legume 
produced nitrogen increases in proportion to the increased 
acreage with an adjustment for the reduced yields resulting 
as the increased demands require use of the less productive 
lands. The major source for the increased fertilizer demand 
is associated with the commercial fertilizer sector Its pro­
duction increases from 6.5 billion pounds to 8.0 billion as 
exports double, then if exports triple to 9.6 billion pounds 
of commercial fertilizer are purchased. 
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Table 87. Nitrogen sources and use with a 5 ton soil loss 
restriction and alternative levels of export in 
2 0 0 0 .  
Ni trogen 
source 
Export alternative 
ave. 69-71 2 * ave 3 * ave 
(mi 11 ion pounds) 
Livestock wastes 8752 
Legume crops 8615 
Commercial purchase 6540 
Total utilized 23907 
8759 
9491 
7980 
26230 
8795 
9945 
9626 
28366 
Table 88. Indication of relative farm level prices for 
some agricultural commodities with a 5 ton soil 
loss restriction and alternative levels of export 
in 2000. 
. Expprt eltçrnetlve 
Commodity ave. 69-71 2 * ave 3 * ave 
(ave. 69-71 prices=100) 
Corn 100 105 126 
Wheat 100 109 158 
Soybeans 100 139 219 
Cotton 100 101 107 
Hay 100 109 132 
Beef 100 106 119 
Pork 100 106 122 
Milk 100 103 111 
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Consumer impacts of export increasing policies 
To this point the analysis has dealt with the impact on 
the agricultural sector as exports increase in conjunction 
with the 5 ton soil loss restriction. The consumers repre­
sent the major voice in public policy and the impact on the 
cost of their agricultural bill will have an influence on the 
direction taken by policy makers. The farm level prices of 
seme of the major commodities are indicated in Table 88. 
With a doubling of exports from the 1969-71 average level, 
soybeans undergo the largest percent increase in price. The 
shift in prices follows the comparative advantage in produc­
tion. Cotton is not affected greatly as its demand is not 
increased and the areas producing cotton have a definite ad­
vantage and as the land is not among the most productive for 
substitute crops the return to be generated as an opportunity 
cost is correspondingly low. On the other hand, soybeans are 
grown in competition with corn and in a more confined region 
than corn so as land becomes more advantageous for corn, the 
soybeans must account for the cost to remove the land from 
corn production. Similarly for wheat, as expanded exports 
increase the demand for corn and soybeans and they are grown 
in larger acreages in the North Central and South Central 
zones, wheat formerly grown in these regions must relocate to 
the relatively less productive and higher per unit cost 
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areas. The price of hay is influenced by its regional con­
centration and its use in erosion control rotations. In 
these rotations the price of hay mast reflect the rental 
value or opportunity cost of the land as the alternative use 
in production of the grains brings a high return. 
Livestock prices increase in relation to their ability 
to adjust their rations to the lower priced commodities. 
Beef and pork prices each increase prices by 6 percent as 
exports double but if exports were to triple then pork prices 
would rise 22 percent compared to 19 percent for beef. These 
relative differences in price change is tied to the large in­
crease in soybean (oilmeal) prices as pork is not able to 
substitute the legume hays for the oilmeals in the manner ac­
complished by the dairy, beef cows and beef feeding sectors. 
Milk prices reflect the lowest increase in price. This re­
sults as feed prices per hundredweight produced consitute a 
less than proportionate part of the total cost when compared 
to beef or pork. The high capital and labor inputs for dairy 
prevent an equal increase in feed prices from affecting the 
total price in an equal manner. The dairy cows also have the 
ability to shift to the legume hays for protein and the other 
hays for energy as substitutes for the higher priced grains. 
The shift in the livestock sector is reflected in Table 89 as 
the consumption of the high priced oilmeals and wheat de­
clines and the consumption of the relatively lower priced 
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corn and hays increases. The consumption of silages also de­
clines as the land is now used for production of the higher 
priced corn or sorghum grain and the ration is balanced with 
the relatively less costly hays. 
I sh 1 o CJ. Coinmod ! ty use in livestock production with a 5 ton 
soil loss restriction and alternative export 
levels in 2UuO. 
Jornmod i ty on i t 
LiXDort alternative 
ave o3-71 2*ave 3*ave 
(ÛOG) 
uorn bu. 5071780 0302504 
.urph J. I b u .  474077 5220j2 525L2C 
•- u r 1 fi y b u . 461520 4-S455 3u7S70 
0,; :5 b J .  3'Jb72S 417232 44G3u2 
!:eat ,  bu. 505541 19 95:4 828Ù3 
: if h protein" cwt. Ga^ZlB buô>31 5 3 0 0  5 ii 
l.';:rurie hjy tens 1G32J5 1722u5 175-J74 
r chof hay tons 10419 7  102263 •j u 7 .-12 
_ i1 are r tons 1C714 7  54731 36521 
rr-sture" tons 212370 215ul2 222273 
"includes soybean and cottonseed oilmeals and high pro-
trin Frain supplements all expressed in soybean oilmeal équi­
valents. "-oes not incl'iJe onLna 1 protein supplements. 
^ xpresscd in non-legume hay equivalents. 
As exports double the farm level commodity pirces in­
crease by less than 10 percent, except for soybeans. Howev­
er, if exports were to increase more, price increases become 
more commodity specific and larger reaching a 19 percent in­
crease for soybeans if exports of feed grains, wheat and 
oilmeals triple. 
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In determining the proper alternative to formulate into 
a policy, the policy maker must survey the alternatives, 
decide on the impacts and then select and implement the poli­
cy. The following section summarizes the soil loss and 
export alternatives and points out some of the major trade­
offs and implications revealed by the policy alternatives 
evaluated. 
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CHAPTER V. SDMMàRÏ AND IMPLICATIONS FOB 
ENVIBONHENTAL POLICY 
The trade-offs in agricultural productivity and environ­
mental quality have been investigated from the aspects of per 
acre soil loss restrictions and the added impact of expanded 
exports. The level of soil loss restriction or export of ag­
ricultural products chosen remains an item for the legisla­
tive bodies in charge of their implementation. However, with 
analyses such as this study, the policy maker has the ability 
to examine the implications of his actions ex-ante rather 
than take an action and then determine the impacts ex-post. 
By considering both soil loss control legislation and export 
alternatives the policy maker can, if need be, adjust demand 
such that the impacts on the domestic market and on the agri­
culture sector are not beyond the limits that are considered 
acceptable. If we look briefly at the results of the soil 
loss and export alternatives we can then tie them together 
into one interacting set of policy alternatives. 
Summary of the Soil Loss Alternatives 
The use of a per acre soil loss restriction is an effec­
tive way of controlling soil erosion and preventing any large 
scale degradation of the environment, both in terms of poten­
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tial soil delivery to the streams and the productive impacts 
of sheet and rill erosion on agriculture. Results are summa­
rized for erosion levels, farming practices, production 
levels, resource use and farm level price index. 
Erosion and erosion control methods 
Table 90 presents a summary of the soil loss and farming 
practice data for the four soil loss alternatives. Erosion 
per acre with no restriction averages 9,9 tons per acre and 
declines to 1.3 tons per acre with a 10 ton restriction, to 
2.8 tons per acre with a 5 ton restriction and to 1.9 tons 
per acre with a 3 ton restriction. The initial restriction 
results in a 58 percent reduction in total soil loss from the 
2,677 million tons under the unrestricted model. Thereafter, 
the lower restrictions encourage lower percentage reductions 
in soil loss as the 5 ton restriction total reduced soil loss 
by a further 36 percent and the 3 ton restriction by a 
further 33 percent. This is consistent with the increasingly 
small percentage reduction in the limit as the 10 to 5 ton 
restriction has a 50 percent reduction in limit and the 5 to 
3 ton restriction change has only a 40 percent reduction in 
allowable soil loss. 
The method of controlling erosion and bringing about the 
reduction in soil loss is through a shift to reduced tillage 
from conventional tillage and within the tillage methods a 
shift away from straight row cultivation to the conservation 
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Tabic 90. S Limn a ry of erosion and acres under alternative 
conservation practices with the alternative soil 
loss restrictions in 2000. 
Per a c r e  soil loss restriction 
Item(unit) unrns-
stricted 10 ton 5 ton 3 ton 
Frosion per acrc 
(tons) 
Total erosion 
(ni 11ion tons) 
Total acres culti­
vated (000) 
Percent of acres by 
till age method 
conventional 
reduced 
''forcent of acres by 
conservation practice 
contour i ng 
s t r i p  c r o p - t e r r a c i n g  
straight row 
9 . 9  
2 6 7 7  
260113 
92.1 
7.9 
4 . 6  
1 . 2  
0 4 . 2  
1132 
261564 
33.1 
16.9 
17.3 
8.7 
74.0 
2 . 8  
727 
2 5 8 8 8 2  
77.7 
22.3 
21.6 
13.9 
59.5 
1.9 
483 
258058 
71.7 
28.3 
2 5 . 2  
2 6 . 0  
48.8 
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practices. Under the unrestricted alternative 92.1 percent 
of the lands are farmed under conventional tillage and this 
drops to 71.7 percent for the 3 ton restriction. This inter­
acts with the conservation practices in that 94.2 percent of 
the utilized land was cultivated under straight row tech­
niques when no soil loss restriction is imposed and this de­
clines to 48.8 percent under the 3 ton restriction. Mean­
while, the use of contouring is increasing from being used on 
4.6 percent of the acres to 25.2 percent under the 3 ton re­
striction. Strip cropping and terracing undergo the largest 
percentage increase and is mostly associated with convention­
al tillage The use of strip cropping or terracing on lands 
increases from 1.2 percent of all lands under the unrestrict­
ed model to 8.7 percent with the 10 ton restriction, 18.9 
percent with the 5 ton restriction and to 26.0 under the 3 
ton model. Host of this shift is with strip cropping as 
terracing is not used on any of the acres for the unrestrict­
ed model and only on 259 thousand acres under the 3 ton re­
striction. 
Land and water allocations 
The unrestrained soil loss model utilizes 586 million 
acres of land in 2000, down 366 million acres from 1967, 
Table 91. This reduction is largely due to the reduction of 
311 million acres of pasture lands and 28 million acres in 
summer fallow and land allocated to the exogenous crops, in 
Table 91. Summary of land, water and nitrogen fertilizer allocation in agriculture 
under alternative soil loss restrictions in 2000. 
1967 Per acre soil loss restriction 
level 1 unrestricted 10 ton 5 ton 3 ton 
(million acres) 
Total dryland 952.5 586.3 580.3 584.6 588.6 
row crops 143.9 139.0 132.6 128.5 127.9 
close crops 93.8 70.2 68.9 66.7 66.8 
all hay 65.5 66.3 67.3 72.5 72.9 
pasture 614.3 303.1 304.6 310.7 313.9 
otherZ 35.0 7.7 6.9 6.2 7.1 
Total irrigated 40.0 31.4 31.5 28.6 29.4 
row crops 16.1 9.2 8.8 7.5 6.5 
close crops 6.8 5.3 5.4 6.7 6.0 
all hay 12.1 12.4 12.8 12.1 12.7 
pasture 3.0 2.9 2.9 0.7 2.6 
otherZ 2.0 l.G 1.6 1.6 1.6 
Unused lands mm mm 413.4 419.5 418.0 415.1 
cultivated — — — 97.4 105.0 107.7 108.4 
other land — — — 316.0 314.5 310.3 305.7 
3 (mi 11 ion acre feet per year) 
Wa te r 
wi thdrawals 151.7 131.0 131.3 124.7 128.6 
consumptive use 76.0 82.9 83.2 76.5 81.0 
(million pounds) 
N fertilizer — — — 23237 23498 23907 23952 
^Source (77). 
2 
Includes exogenous crops and summer fallow. 
^For agricultural uses only. 
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producing area j; The remaining 26 million acres is mostly 
assoicated with a reduction in the close-grown crops, as 
wheat moves into the land not required for the row crops in 
the less arid acres of the North Central and South Central 
zones. Irrigated acreages decline by 8.6 million acres 
mostly as the depletion of groundwaters reduces the water 
availability along the western Great Plains area. 
The imposition of a 10 ton soil loss restraint further 
reduces the land required by 6 million acres. Most of the 
reduction occurs in the row crops categories as these crops 
shift to the more productive lands. Further reductions in 
the levels of allowable soil loss reduces the acreage of the 
row crops and increases the acreage of irrigated close-grown 
crops, the dryland and irrigated hays and dryland pasture. 
As the soil loss restraints become more restrictive from the 
10 ton limit the total agricultural land base increases, due 
mostly to the substitution of the low erosion and low produc­
tivity native pastures and cropland hay for the greatly 
reduced acreages of the silages. (Silage acreage declines 
from 13.9 million acres under the unrestricted model to 5.2 
million acres under the 3 ton soil loss restriction.) The 
decline in silages is a result of their erosion characteris­
tics where no residue is left to protect the soil surface in 
the high rainfall and early spring periods. 
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Regionally, the imposition of soil loss restrictions re­
duces the level of the cultivated land base (row crops and 
close-grown crops) in the South Atlantic, South Central and 
North Central zones. Table 92. The North Central and South 
Atlantic zones have an increase in hayland and pasture to 
compensate more for the alteration in cultivated lands than 
occurs in the South Central zone. The more arid zones in­
cluding the Great Plains, North West and South West have in­
creases in close-grown crops and the North West and South 
West also increase their acreage of row crops. 
The use of water by agriculture varies directly with the 
shifts in irrigated acreage. Table 91, The consumptive water 
use is above the level estimated for 1965 even though irrig­
ated acreages are down. This is possible as the regional 
distribution of the irrigated crops affects the water re­
quirements. 
Distribution of income, expenditure and farm level prices 
If the returns to land, labor and water represent a 
measurement of the income to the individuals involved in ag­
riculture, then any change in the distribution of this income 
must be considered in evaluating policy alternatives. Figure 
16 presents the relationships between average per acre soil 
loss and the total and per acre returns to land, water and 
labor received from row crop or close-grown crop production. 
The per acre return to land remains relatively constant until 
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Table 92. Summary of agricultural land use by the major 
zones under alternative soil loss restriction 
levels in 2000. 
Per acre soil loss restriction 
Zone/land use unres­
tricted 10 ton 5 ton 3 ton 
North Atlantic 
row crops 3713 3661 4318 3359 
close crops 1698 1225 2491 2089 
hayland 1616 1608 2043 2247 
pasture 6806 6888 7098 8315 
South Atlantic 
row crops 10691 9647 10065 8549 
close crops 3201 2729 870 736 
hayland 2007 2006 2686 2913 
pasture 23592 23632 25222 25615 
North Central 
row crops 90926 87843 84714 88372 
close crops 19440 19117 18756 17652 
hayland 17190 18054 20421 23523 
pasture 29775 30304 33820 35810 
South Central 
row crops 28666 26401 24305 19883 
close crops 20716 20569 19720 19885 
hayland 27447 27648 27722 23304 
pasture 110694 111368 108031 105322 
Great Plains 
row crops 7512 7017 5593 6904 
close crops 16192 16549 15510 18292 
hayland 21051 21385 22443 24775 
pasture 41860 41949 41999 45579 
North West 
row crops 
close crops 
hayland 
pasture 
South West 
row crops 
close crops 
hayland 
pasture 
1740 
7763 
5679 
26896 
4978 
6498 
3747 
66357 
1734 
7762 
5631 
27033 
5112 
6358 
3737 
66361 
1981 
7751 
5598 
27833 
5059 
8380 
3689 
67404 
1811 
7906 
5986 
28872 
5562 
6253 
2826 
66925 
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ure 16. Total and per acre returns to the land, water 
and labor sectors of agriculture in 2000 by 
crop type • 
2U6 
the decline for close-grown crops resulting from the shift to 
pasture in the South West at the 2.8 ton per acre soil loss 
level (the 5 ton restriction). The per acre return for row 
crops increases at this level and the total return to land 
rises above the unrestricted level. 
The decline in per acre return to water. Figure 16d, is 
sufficiently large that the total return from row crops and 
close-grown crops remains below the level of the unrestricted 
soil loss level. The major reduction in return is associated 
with irrigated row crops as the return to water from the 
close-grown crops remains relatively constant except in 
conjunction with the shift to pasture in the 5 ton alterna­
tive. 
The per acre return to the labor sector increases as per 
acre soil loss levels are reduced. This is consistent with 
the increased farming time associated with the conservation 
farming methods. The per acre increase in return to labor 
for the close-grown crops maintains the national level con­
sistently near 250 million dollars while the total return 
from row crop production declines as a result of the decline 
in rcw crop acreage. 
The per acre returns for these resources can be related 
to the regional production patterns. Table 92, and the impact 
on these sectors determined. The national data provides in­
dications for the regional patterns changes and the impact of 
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the change in terms of land value, water income and labor re­
turns indicated. Areas which have declining acreages will 
have a reduced income from the agricultural sector unless 
land values in the area shift sufficiently to give à total 
return to the area greater than when no restriction is 
imposed. 
Agricultural expenses as indicated in machinery, pesti­
cide and N fertilizer purchases increase on a per acre basis. 
Figure 17. The slight increase in per acre expenditure on 
machinery is not sufficient to maintain the national machin­
ery market at the level present under unrestricted soil loss. 
The shift to reduced tillage, which should have reduced ma­
chinery use, was over weighted by the increase in machinery 
use as a result of the lower efficiency associated with the 
contouring, strip cropping and terracing alternatives. The 
shift to reduced tillage does have an affect on pesticide 
use. Per acre pesticide use increases as per acre soil loss 
levels are reduced. Figure 17d indicates the possible natu­
ral isoquant for soil loss and pesticide use for row crop and 
In close-grown crop production pesticide use per acre 
remains relatively constant until per acre soil loss is 
reduced below 3 tons. This does not follow for row crops as 
the shift to reduced tillage occurs with any reduction in 
soil loss. Total returns to the pesticide sector increase in 
both the row crop and close-grown crop sector. A similar 
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situation exists for nitrogen use per acre. The summary pro­
cedure was not able to distinguish nitrogen on row crops and 
close-grown crops but the trade-off is shown to exist on an 
average acre. The sectors gaining would represent the chemi­
cal inputs while the machinery or physical input sector would 
find a rather constant or declining income from agriculture 
as soil loss restrictions are imposed. 
The total impact on the consumer sector can be evaluated 
in terms of an index of consumer expenditures on the agricul­
tural bill utilizing farm level prices only. The index 
remains constant as per acre soil loss is reduced to the 4.8 
ton level (10 ton restriction). Further reductions in soil 
loss are reflected in an increase in the consumer expendi­
tures on agricultural goods of up to 5 percent as per acre 
soil loss drops below 2 tons per acre. 
Agriculture and environmental improvement 
The results of the alternative soil loss analysis indi­
cates that agriculture has the productive and technological 
capacity to contribute to environmental improvement. Soil 
erosion can be substantially reduced through the use of per 
acre restrictions. This reduction in gross field erosion 
could reduce the contribution of agriculture to the level of 
sediment in the waterways given the delivery and transport 
characteristics of the area. The impact will not be great on 
agriculture if sufficient time is considered for the adjust-
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ment of farming practices and regional resource mobility. 
There is a trade-off in environmental quality in that as ero­
sion is controlled the level of pesticide and fertilizer ap­
plication increases. Thus, policy makers must consider the 
implications of increased use of these two commodity groups 
and their contributions to pollution. 
Summary of the Export Alternatives 
Altering the allowable per acres soil loss level through 
legislation results in some regional impacts on the agricul­
tural production facilities. Also, the productive capacity 
of agriculture is not affected by the soil loss restrictions 
having large amounts of land available for expansion of agri­
cultural output. Increasing export levels represents one 
method of increasing the demand for agricultural products and 
the trade-offs in farm level prices and environmental quality 
could be substantial. 
Erosion and erosion control methods 
The increase in production levels brought forth with the 
expanded export levels increases the per acre soil loss from 
2.8 to 2.9 tons per acre for either of the two levels consid­
ered. The increased per acre soil loss results from the in­
clusion of a higher proportion of the more erosive lands 
among the acres brought into production to meet the expanded 
demands. Total soil erosion increases 16.0 percent as 
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exports double and a further 15.5 percent as exports are 
tripled. Table 9 3. This corresponds to the 16 percent in­
crease in acreage for each of the increases in export level. 
Exports thus, can increase without significantly increasing 
the per acre soil loss levels, given the 5 ton restriction, 
with total soil loss increasing proportionate to acreage. 
Tai)le 93. Summary of erosion and percent of acres by conser­
vation practice with the 5 ton per acre soil 
restriction ani the alternative export levels in 
2030. 
69-71 avf . ave 
1^ rosi on per acre 
(tons) 2.3 2.9 2. G 
Total erosion 
(mill ion tons) 727 843 974 
Total acres cultivated 
OOO) 258282 205047 337290 
Percent of acres by 
till a.^n method 
conventional 77.7 75.2 72.9 
reduced 22.3 24.C 27.1 
Percent of. scros by 
conservation practice 
straight row 5 9.5 54.8 49.4 
contouring 21.6 23,3 23.4 
Strip crop-terracins 18.-3 21. 9 27.2 
The increased acreage concentrates increasingly more on 
the lands farmed under the reduced tillage methods. Table 93 
The proportion of land farmed under reduced tillage methods 
represents an increased use of the more marginal lands, from 
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an erosion standpoint. The conventional tillage procedures 
are utilized on the less erosive lands and represent the 
method used on the largest proportion of the acres in the 
class I and II lands or in the more arid regions. The large 
increases in acreage occur in the South Atlantic, South Cen­
tral and Great Plains areas, with the South Central and South 
Atlantic tending toward the reduced tillage practice because 
of their excess moisture conditions. The conservation prac­
tices incorporated also reflect the utilization of the more 
erosive lands in increasing the output for the expanded 
exports. Table 93. Straight row farming declines by over 10 
percent. Replacing this form of farming practice is contour­
ing (from 21.6 percent of the total to 23.U percent of the 
total acres cultivated) and strip cropping-terracing. The 
strip cropping and terracing conservation alternatives exper­
ience the most noticeable change in proportion to the acres 
cultivated, increasing from 18.9 percent udner average 
exports to 27.2 under the triple export level. As terracing 
represents the most severe and most costly, per acre, method 
of conservation, the incorporation of this practice indicates 
the use of lands with severe erosion problems. The acres of 
terraced land increases from 236 thousand acres under the av­
erage level exports to only 335 thousand acres when exports 
double and then expand to 1,466 thousand acres as exports 
reach the three times exports level. Thus, under the triple 
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export alternative many acres of land subject to high erosion 
rates are utilized. 
Resource and income allocations 
Expanded exports necessarily bring forth the use of more 
land for agricultural production and a more intensive use of 
the lands already farmed. Increasing the exports of the feed 
grains, wheat and the oilmeals directly influences the acre­
age of the row crops and close-grown crops. Table 94. Howev­
er, it also influences the acreage of the hays, pasture and 
other Inads as rotational considerations and livestock feed 
alternatives allow for switches in the feeds consumed. No 
use of the dry and irrigated lands declines as the substitu­
tions and expanded exports readjust the market. The only 
significant quantity of lands available for expansion of ag­
riculture above the 3 times export level represents the 
pasture lands from which the livestock has been removed to 
take advantage of the fertilizer equivalents in their wastes. 
There is only 29 million acres of cultivatable land 
remaining not in use and the largest part of this land is un­
able to be brought into production due to its ability to meet 
the 5 ton soil loss restriction imposed in conjunction with 
the export alternatives. 
Regionally, the average of all of the cultivated crops 
increase except the row crops in the North West and South 
West zones. Table 95. The increase in intensity of farming 
Table 94. Summary 
tion and 
of resource 
alternat!ve 
use in agriculture under a 5 ton soil loss restric-
export levels in 2000. 
Item (units) 1967 ExDort alternative 
1evel1 69-71 ave 2 * ave 3 * ave 
Total dryland 
row crops 
close crops 
all hay 
pasture 
other^ 
952.5 
143.9 
93.8 
65.5 
614.3 
35.0 
584.6 
128.5 
66.7 
72.5 
310.7 
6.2 
622.7 
152.2 
76.5 
74.8 
312.6 
6.6 
669.1 
174.5 
91.7 
76.2 
317.9 
8.7 
Total irrigated 
row crops 
close crops 
all hay 
pasture 
other 
40.0 
16.1 
5.8 
12.1 
3.0 
2.0 
28.6 
7.5 
6.7 
12.1 
0.7 
1.6 
29.9 
7.1 
7.9 
12.3 
0.9 
1.6 
33.0 
7.7 
9.5 
12.9 
1.3 
1.6 
Idle lands 
cultlvatable 
pasture — — — 
418.0 
107.7 
310.3 
378.6 
71.5 
307.1 
329.1 
29.3 
299.8 
VJater^ 
(million acre feet per year) 
wlthdrawals 
consumptive use 
151.7 
76.0 
124.7 
76.5 
127.0 
78.3 
(million pounds) 
133.1 
83.4 
N fertillzer — 23907 26230 28366 
^Source (77). 
2 
Includes exogenous crops and summer fallow. 
^For agricultural uses only. 
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Table 95. Summary of agricultural land use by the major 
zones under the 5 ton soil loss restriction and 
alternative export levels in 2000, 
Zone/land use 69-71 ave 
Export alternative 
2 * ave 3 * ave 
(000 acres) 
North Atlantic 
row crops 
close crops 
hayland 
pasture 
4318 
2491 
20431 
7098 
5010 
3146 
2299 
6457 
7043 
3342 
3779 
6416 
South Atlantic 
row crops 
close crops 
hayland 
pasture 
10065 
870 
2686 
25222 
13447 
1411 
3386 
26674 
16238 
1739 
4082 
28740 
North Central 
row crops 
close crops 
hayland 
pasture 
84714 
18756 
20431 
33820 
94841 
20828 
21712 
33279 
104499 
25995 
17858 
28795 
South Central 
row crops 
close crops 
hayland 
pasture 
24305 
19720 
27722 
108031 
27469 
21609 
26828 
107825 
33293 
22836 
27380 
107087 
Great Plains 
row crops 
close crops 
hayland 
pasture 
5593 
15510 
22443 
41999 
11881 
19320 
23281 
43480 
15264 
26075 
24762 
44471 
North West 
row crops 
close crops 
hayland 
pasture 
1981 
7751 
5598 
27833 
1851 
8913 
5420 
27433 
1691 
10450 
6498 
30179 
South West 
row crops 
close crops 
hayland 
pasture 
5059 
8380 
3689 
67404 
4809 
9184 
4215 
68388 
4169 
10789 
4746 
73501 
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is indicated as the hayland acreage decreases in the North 
Central and South Central zones to allow for more acres of 
the grains. Pasture acreages shift as livestock move and 
transportation rates encourage the movement of grains, in 
certain areas, into the export market. 
Water and nitrogen use increase in proportion to the in­
creased acreage. The water use reflects the limit on water 
and irrigable land availability, while nitrogen use reflects 
the shift in productivity of the fertilizers in the various 
regions and land classes. Also, incomes increase in all 
areas as do expenditures on all goods. 
The index of farm level consumer purchases increases by 
5.3 percent over the average export level as exports reach 
the double level. Then, prices increase an additional 18.6 
percent as exports reach the 3 times average level. This is 
reflected in the capacity restraint of agriculture. As 
exports increase the level of output reaches the limit of the 
presently available capacity. This causes shifts in the pro­
duction patterns away from the extensive resource use alter­
natives to alternatives which are higher yielding per unit of 
the fixed inputs, land and water in this model. Any further 
increase in demand will be met with a further shift in the 
production possibilities and the resulting price increase 
will correspond to the movement of the demand curve up an 
ever more vertical supply curve. 
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Export expansion and the environment 
The major concern of an increased export, next to the 
price and capacity factor, must center around the impact on 
the environment. It is expected that the level of use of the 
environmentally related factors will increase as exports 
expand but will regional and per acre impacts result in envi­
ronmental degradation. Total soil loss increases in propor­
tion to exports with little change in per acre loss. Figure 
18. Regionally, this will affect the soil loss in proportion 
to the acreage with the areas undergoing large increases in 
production being subjected to the problem of more total soil 
loss and the potential for more sediment movement in the wa­
terways of the region. 
The use of the chemical inputs which are also of concern 
to the environmentalists increases at the national level. 
However, the per acre rate of nitrogen application declines 
from over 92 pounds per acre with average exports to near 84 
pounds per acre as exports increase to triple the average 
level. This is consistent with the incorporation of economi­
cally marginal lands into the production process and applica­
tions of nitrogen are correspondingly reduced as the economic 
forces optimize the use of all inputs. Some increase in 
yield may be forthcoming as application rates were not al­
lowed to change in the given rotations as the commodity price 
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Total and per acre loss of soil and use of 
pesticides and nitrogen as cultivated acres 
increase through expansion of exports in 2000 
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increases. The initial price increases would not result in 
significant changes but price changes obtained at the 3 times 
average export alternative would have encouraged the use of 
more fertilizer inputs on the highly productive lands. Pes­
ticide inputs may represent an environmental conflict as 
exports are increased. The per acre application rates in­
crease for both the row crops and the close-grown crops as 
more of the reduced tillage farming practices are incorporat­
ed to control erosion in conjunction with the more intensive 
rotations and on the more erosive lands. 
Agriculture has the productive capacity to adjust to 
help control erosion and to help supply the world's ever in­
creasing demand for more and higher quality food. With care­
ful application of the available technologies a balance can 
be maintained between the conflicting environmental factors 
and still contribute to the maintenance of a liveable 
America. 
Policy Implications of the Analysis 
Economic development and the accompanying changes in the 
allocation of inputs to agriculture has created supplementary 
problems. The resulting excess capacity of agriculture has 
been controlled through a series of supply control programs 
directed at specific commodities. In the recent past concern 
has also developed over the misuse of seme of the inputs con­
tributing directly to the supply capacity of agriculture. 
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Controls on the use of these inputs or regulation of the 
methods of incorporating them exist as a possible measn of 
restricting their impact on the environment and maybe 
relieving some of the excess supply capacity existing in ag­
riculture. 
Restrictions on per acre fertilizer use will directly 
reduce the supply capacity of agriculture (44, 45) as will a 
restriction on insecticide use (30). The results of this 
study indicate that given a population in the United States 
of 284 million people in 2000, trend projections of technolo­
gy and export levels for the feed grains, wheat and oilmeals 
equal to the 1969 to 1971 annual average, a similar reduction 
in output capacity does not result from successively more se­
vere restrictions on per acre soil loss. In fact exports for 
the feed grains, wheat and oilmeals can increase to a level 3 
times the 1969 to 1971 annual average with only a 23 percent 
increase in the aggregate farm level price of the agricultur­
al bill. 
Erosion Control Policies 
sedimentation represents the movement of soil particles 
in the waterways of the nation. These particles originate 
from the streambank, gully erosion or delivery from the lands 
in the drainage area. Cultivation increases the erosion po­
tential of the lands causing concern for the productive ca­
pacity of these lands and for the damage caused by the move-
261 
ment of these particles in the waterway. 
Agricultural technological requirements 
Erosion can be controlled given the technologies avail­
able to the agricultural sector with little impact on the 
sectors potential to meet the agricultural demands in the 
year 2000. In choosing a level for the per acre limit on 
soil loss the added impacts of the availability of the tech­
nologies must be considered. 
The analysis indicates that the appropriate level of 
erosion control can be obtained through the shift in produc­
tion patterns to contouring and strip cropping (with very 
little terracing) utilizing conventional tillage methods and 
through the shift of an increasing number of acres to reduced 
tillage methods. Incorporating reduced tillage methods in 
most cases requires an alternate line of tillage and planting 
equipment which inturn requires more power to handle them. 
Thus, farmers contemplating this shift must have ready capi­
tal sources and the manufacturers must have the foresight to 
have manufactured the appropriate lines of equipment. 
Reduced tillage also requires that farmers familiarize them­
selves with a greater variety of the pesticides to control 
the weeds and insects formerly kept at bay with mechanical 
tillage methods. If expanded exports accompany the soil loss 
control policies the problem of availability of technology 
becomes of greater concern. 
262 
The low level of incorporation of terraces indicates 
little capital requirement for actual structural control 
methods. It is only when exports increase the demand for ag­
ricultural commodities that lands requiring terracing are in­
corporated into the optimal production possiblities set. 
Regional implications 
If soil control policies are implemented independent of 
any increase in demand then the areas which are historically 
the high erosion areas will lose some of their productive ca­
pacity. Regional adjustments will include the movement of 
capital and labor to the more productive areas where erosion 
has not penalized agricultural production to the level of the 
original area. The South East and South Central zones exper­
ience the greatest effects while the North Central and Great 
Plains zones gain relatively in productive levels. Even 
within the zones trade-offs occur as farmers no longer 
utilize continuous cropping methods and most adjust to 
rotational systems of farming. This requires additional 
equipment and in the long run may encourage changes in farm 
structure as rotations including the hay crops will encourage 
the incorporation of livestock enterprises within the farming 
community to utilize the roughages produced. 
The shifts in regional production can be offset by in­
creased exports as the regions experiencing reductions in 
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acres cultivated under the soil loss restriction are among 
the most favored when exports increase demands. Thus, some 
balance between soil loss control and increased exports could 
be used to maintain the regional income patterns and improve 
the income patterns in the areas where the expanded produc­
tion resulting from the shifts due to the soil loss restric­
tion and the export increase, locates. 
The restraint on the disposal of livestock wastes (N 
fertilizer) has encouraged the movement of the livestock to 
areas where the value of the wastes can be recaptured through 
their sale to crop producers. This restraint also prevented 
livestock concentration in areas like the Great Plains and 
South Central, under the average export alternatives. The 
requirement for the disposal of the wastes also encouraged 
the shift from the permanent pasture alternatives as in many 
areas sufficient cropland was not available to dispose of the 
winter accumulated wastes. 
Agricultural returns and farm price levels 
If each of the agricultural sectors are associated with 
separate resource owners then the soil loss restrictions will 
provide the landowners with a significant increase in rela­
tive return. The return to the labor and water sectors de­
clines slightly with the imposition of the soil loss re­
straints while land returns increase greatly. The decline in 
the labor return results from the decline in total acreage 
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cultivated while water has a reduced return resulting from a 
shift to the production of the lower valued close-grown crops 
and away from the row crops during approximately equal use 
but at a lower per unit return. 
For the landowners immobility of the resource represents 
the largest penalty as compared to labor which is capable, 
over time, of shifting to where the land is cultivated. The 
immobility of land penalizes the owners of lands receiving 
reduced per acre returns as the soil loss restriction either 
reduces its productivity or eliminates the potential for use 
completely. Landowners with high quality land receive an in­
crease in return as their land can be switched to the more 
intensive rotations and produce at a cost farther from the 
margin allowing the landowner to extract a larger rent per 
acre. The more erosive lands must be transferred to sod 
crops or idled completely, reducing their return to a level 
consistent with their new use. 
Price levels on the other hand increase only as the 
allowable soil loss level becomes low. Thus, a reduction in 
soil loss can be obtained with only minor increases in the 
farm level prices of the agricultural commodities. As prices 
begin to increase, those commodities associated with the more 
erosive land use patterns and with the highly erosive areas 
of the nation experience the greater price increases. At the 
5 ton soil loss restriction level (2.8 tons per acre actual 
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soil loss) price increases are only of the magnitude of 5 
percent. If exports of the feed grains, wheat and oilmeals 
are increased the price effect is not severe until the level 
of export increases to more than double the average levels in 
the erosion alternatives. As exports expand above this 
level, price increases become more severe and the capacity of 
the agricultural plant becomes exhausted. 
Planning Environmental Policy 
In terms of the analysis the environmental policy is 
limited to the examination of soil loss restrictions and the 
implication associated with these policies. Soil loss re­
striction policies can reduce the level of erosion, both in 
total and on a per acre basis. However, they bring some 
inequities in return and encourage the use of other inputs 
which in turn can become environmental problems. 
Equity in soil loss policies 
In considering soil erosion control policies society is 
expressing a desire to improve the quality of its water and 
the esthetics of its surroudings. If serious consideration 
is given to the alternatives, society must be willing to 
change some income patterns associated with the status quo. 
The level of soil loss restriction decided upon will reflect 
the degree to which society is willing to alter the income 
pattern or to create some mechanism whereby the changes in 
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income patterns can be regulated. 
The results of this study indicate increases in income 
for the owners of productive and less erosive lands, the 
providers of chemical inputs for agriculture such as the pes­
ticide and fertilizer industries and regionally for members 
of all other sectors when they are located in the developing 
area. The analysis indicates that the reductions in absolute 
income for all sectors in all regions can be overcome through 
the expansion of exports. However, on an individual acre 
basis or on an individual laborer basis, the units may not be 
among those receiving a gain from the new equilibrium. 
Laborers may have to alter regional location or may have to 
undergo training to adjust to the operation of new equipment. 
Landowners of lands not capable of meeting the soil loss re­
striction will suffer capital losses. Landowners or farmers 
with access to large capital sources may also have the advan­
tage of flexibility as the restriction requires new equipment 
and new production ideas. This type of restraint can be se­
vere for the small farmer relying on the second-hand machin­
ery market or on the new farmer whose eguity position is al­
ready at or near the limit. 
The consumer must be considered also. The results indi­
cate only mild increases in farm level prices under the soil 
loss alternative. However, if the soil loss restriction is 
combined with export expansion the price implications can be 
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more severe. The increase in exports to three times the 1969 
to 1971 level exhausts the capacity of the agricultural plant 
as all land available, given the soil loss restriction, is 
used. Further expansion of the demand will bring forth large 
price increases and little increase in supply. The supply 
can be increased at relatively little cost, up to the level 
where the available land base is utilized. After that level, 
supply will increase only with substantial increases in price 
which in turn encourage more intensive production and shifts 
in the livestock rations to allow for shifts in availability 
of the commodities. 
Environmental interactions 
In planning the soil loss restriction the implications 
for other environmental variables must be considered. The 
major effect is on the use of pesticides as reduced tillage 
operations substitute pesticides for the mechanical methods 
of controlling insects and weeds. Nitrogen use also in­
creases as the production patterns become more intensive on 
the good lands and also shift to the areas (such as the Corn 
Belt) where productivity of the fertilizer is high. 
It is possible that other alternatives including a re­
striction on pesticide use may encourage the use of terraces 
and other erosion control methods associated with convention­
al tillage rather than the shift to reduced tillage and its 
high pesticide alternatives. This type of restraint may en-
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courage shifts on production to areas where pesticide use is 
limited because of the farming practices. 
The analysis has shown that agriculture can respond to 
the call for environmental quality. In doing so it undergoes 
some changes but still maintains sufficient capacity to allow 
for substantial increases in export levels. Also, the con­
sumer does not have to undergo any drastic shift in real in­
come resulting from the increase in price of the agricultural 
goods. If export expansion has occurred then the farm level 
price impact of soil erosion policies can be offset by 
altering the export levels in the appropriate manner. Given 
a comprehensive policy with income or transfer supplements 
the transition could be designed to minimize the short run 
impact while still attaining the long run goals. 
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APPENDICES 
Appendix 1. Exogenous Crop Sector 
The exogenous crop sector defines the allocation of land 
by region and land class, fertilizer nitrogen and water for 
use by the crops not endogenously allocated by the model. 
These crops include broomcorn, buckwheat, covpeas, dry beans, 
dry peas, flax, hops, orchards and vineyards, peanuts, 
potatoes, proso-millet, rice, rye, safflower, sugar cane, 
sunflowers, sweet potatoes, tobacco and vegetables. Soil 
loss from lands utilized by these crops is not considered in 
the total accumulation of soil loss as data and alternative 
cropping patterns are not available. 
Water allocation for the exogenous crop sector is deter­
mined directly from the water use coefficients developed in 
Agricultural Water Demands (29) and the per acre water use 
rates were applied to all acres and this value entered as the 
requirements for the exogenous crops. The allocation of land 
and nitrogen fertilizer are outlined in the following sec­
tions. 
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Acreages allocated for use by exogenous crops 
The acreage defined for use by land class is adjusted to 
reflect the requirement for the production of the exogenous 
crops in 2000. The 1969 production and the projected produc­
tion in 2000 by state for most of the exogenous crops is ob­
tained from the OBERS work of the Economic Research Service.* 
Acreages by state for each crop in 1969 are obtained from 
the Census of Agriculture (96) and and average state yield in 
1969 is determined. 2 Dean et (18) reports yields for the 
exogenous crops produced in California in 1969 and projected 
yields for each of the crops in 2000.3 The ratio yield in 
2000/yield in 1969 is determined for each crop in the 
California study (18). It is assumed that the yields in each 
state will increase proportionately to those in California 
and the above ratios are used to adjust all state yields from 
1969 to 2000. Acreage requirements for the year 2000 are 
iThe 1972 OBERS Report backup materials were obtained 
through private communication with Dr. Melvin L. Cotner, Di­
rector, NRED, O.S. Department of Agriculture, March 1973. 
zpor crops not included in the E.R.S. data it is 
assumed that the acreage required in the year 2000 will be 
the same as required in 1969 with the production differential 
being made up by increases in yield per acre. 
^Yields for the crops not included in Dean's study (18) 
were obtained by extending the 1949-1969 yield trend from the 
Agriculture Census (92, 93, 94, 95, 96) to the year 2000. 
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computed by dividing the estimated production by the project­
ed yields per acre. 
All projections in the exogenous crop sector are made at 
the state level. The acreage is allocated to the counties 
within the state on the basis of the proportion of each crop 
grown in the county as reported in the 1964 Census of Agri­
culture (95). 1 The acreages of each of the exogenous crops 
in each producing area is determined by summing the projected 
acreage of the relevant crops in the producing area over the 
subset of counties consistent with the definition of the pro­
ducing area. 
Within each producing area the exogenous crops are 
grouped into three categories according to their method of 
cultivation. These categories are row crops, close-grown 
crops and orchards and vineyards. Acreages of these three 
categories are then allocated to the different land groups in 
proportion to the calculated acres of other row crops, close-
grown crops and orchards and vineyards as determined by land 
class in the National Inventory (77). This same procedure is 
used for both dryland and irrigated acreages. If the pro­
jected acreage requirement for the exogenous crops is greater 
iThe 1964 Census of Agriculture (95) was used for the 
state to county allocation as not all 1969 state summaries 
were published at the time of calculation. State data for 
1969 was available from the National Summary (96) . 
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than the acreage available for the land group, the excess 
acres are allocated either to the land group next closest in 
erosion hazard characteristic or to the same land group in an 
adjoining producing area depending on the agronomic charac­
teristics of the land groups, producing areas and cropping 
patterns required to produce the exogenous crops. 
Nitrogen for the exogenous crops 
The use of nitrogen by the exogenous crops represents a 
significant demand for nitrogen especially in the Gulf and 
West Coast areas. The amounts of nitrogen required by the 
specific crops are determined from the work of Ibach and 
Adams (31). The quantity used per acre for each of the exog­
enous crops is multiplied by the acres calculated in the re­
gion. The assumption is made that by 2000 the application 
rate for all acres will be equal to the application rate on 
the acres fertilized in Ibach and Adams data.* The regions 
nitrogen requirement for the exogenous crops is determined 
as: 
HN(i) = EA (i,m)N(i, j) 
m 
where: 
A(i,n) is the projected acreage of crop m in producing 
iThis assumption is used as time series estimates of 
the percent of acres receiving fertilizer are not available 
for most of the exogenous crops. 
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area i in 2000; 
N (i^m) is the projected per acre use of nitrogen by 
crop m in producing area i in 2000; 
RN(i) is the total projected fertilizer nitrogen 
equivalent of all crops in producing area i in 
2000. 
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Appendix 2. Development of the Livestock Sector 
The equilibrium of the livestock sector is partially de­
termined exogenous and partially endogenous to the model. 
The dairy, pork and beef production sectors are endogenous 
while the poultry, sheep and other livestock are allocated 
exogenous to the model. 
The exogenous livestock sector 
Rations for the exogenous livestock are determined as 
outlined in Agricultural Water Demands (29).* The rations 
give the quantity of each of the commodities required per 
unit of the livestock class. These quantities are withdrawn 
from the consuming region commodity markets at a level con­
sistent with the projected level of the relevant livestock 
class. The water requirements of the exogenous livestock, in 
the regions of the west, are also obtained from Agricultural 
Water Demands (29) . 
The use of the commodities, except oilmeals, by each 
^Activities are defined to create the commodity needs 
for the production of broilers, turkeys, eggs, sheep and 
lambs and a general category for other animals, such as 
horses, mules, ducks and zoo animals. 
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class of exogenous livestock represents a direct demand on 
the regional commodity markets. The oilmeal demand is 
adjusted to reflect the amount of high protein animal feed 
produced as a by-product from the slaughter of the exogenous 
livestock.1 
The quantity of nitrogen equivalent wastes produced by 
broilers is determined as described later and a comparable 
production of nitrogen waste is calculated for the other 
poultry classes based on feed consumption and commodity pro­
duction relative to broilers. Sheep and lamb wastes are cal­
culated from the coefficients of the endogenous ruminants 
based on the waste production per unit of output. A more de­
tailed explanation of the nitrogen wastes is included in the 
nitrogen wastes section. 
The endoqenous livestock sector 
Activities for the production of pork, milk, feeders and 
fed beef are defined in each of the 223 producing areas. The 
activity costs and output levels are based on the work of 
Eyvindson (20) and are weighted into the 223 producing areas 
and projected to 2000 using the procedure outline in Aaricul-
iThe quantity of high protein oilmeal equivalent pro­
vided by the exogenous livestock is determined by evaluating 
the relationship between slaughter wastes and total animal 
protein supplements consumed and the waste is allocated to 
the classes of livestock based on the proportion of wastes 
from all animals which originated from the given class. 
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tural Water Demands (29) . 
A modified system of ration determination is used for 
this analysis. Rather than allow for nutrient transfers from 
the commodities to the livestock rations as has been done in 
previous models (20, 29, 30) . This model allows alternative 
rations for the livestock activities which draw directly from 
the commodity balance rows. Onder the nutrient transfer sys­
tem balanced rations are determined endogenous to the model, 
but it is possible to have rations which, because of the com­
modities included, are not palatable to the livestock units. 
An example is to provide the energy component of a beef 
feeding ration from wheat which under normal management sys­
tems is not a feasible alternative. All rations provided for 
each of the livestock groups are balanced in separate mathe­
matical formulations based on the nutrient requirements spe­
cified by the National Academy of Sciences (52, 53, 54). The 
rations are formulated to provide alternative levels of sub­
stitution between grains, between roughages and grains and 
between the roughages given a grain component. These rations 
reflect research based recommendations which approximate an 
optimal level of feeding efficiency. In order to account for 
the "inefficiency" of actual production, the rations are 
adjusted to set the level of total nutrient consumption at 
the level of projected consumption in Agricultural Water De­
mands (29). By providing these alternative rations a linear 
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combination of them provides the system with a sufficiently 
large number of possible rations with which to minimize the 
feed costs of the respective livestock group. 
In the rations the oilmeal requirements are based on the 
total demand for soybean meal equivalent high protein supple­
ments, Part of this requirement is satisfied by high protein 
grain by-products or from animal scraps. An adjustment is 
made to define the high protein requirement in terms of 
soybean oilmeal equivalent only. The historic consumption 
patterns of animal and "grain" protein are related to 
slaughter and milling, respectively, and the consumption 
level per unit of processing determined is assumed to hold to 
2000. Livestock production has its high protein demands 
reduced by the expected production from each type of live­
stock and the milling production is adjusted for as the per 
capita consumption for the commodities is determined. 
Livestock production of nitrogenous wastes 
Livestock wastes historically have served as a ready 
source of plant nutrients, with the advance of technology 
and the resulting concentration of large numbers of livestock 
in localized feeding facilities, the disposal of the waste 
products has become of concern to the operators of the facil­
ities and the community. All livestock activities considered 
in the model are subject to the restriction that the nitrogen 
wastes, using the "conventional" system of handling, must be 
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utilized in the cropping sector. Data expressing the daily 
production of nitrogen wastes for the different classes of 
livestock (49, 55) are adjusted for the efficiency of the 
handling system and for the feeding time and pattern of the 
activity (103). The calculated per unit production of nitro­
gen, Table 96, is used as the activities coefficient for 
interacting with the nitrogen sector. 
Table 9fi. '"Itrosen fertilizer equivalent v/astes from live­
stock. 
Lbs. of nitrogen per 
'yoG i.nit Period unit of livestock 
Bnef co\/s Head Year 58.0 
"^eef feeding 
(1.5) 1  'lead Day .102 
"•"ef fooding 
(2.25) 1  Head Day .103 
Beef feeding 
( 3 . 0 ) 1  Mead Day .105 
^3 i ry Head Year 142.0 
no>'^ s _ Cwt. L.W. Prod ' n period 2. S 
Poultry 1000 lbs. r.c.w. Prod ' n period 28.0 
1000 doz. Prod' n period 20.5 
Sheep Cwt. Care. wt. Prod' n period 2.17 
Ipates are expected daily sain of the feeders while in 
the lot. 
Poultry represents the production of broilers or turkeys. 
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Appendix 3. SCS Data Questionnaire and Limitations 
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Assigned Land Resource Areas by Regions and States 
Northeast Region 
BKÏ5 
Kentuclq^ 
New York 
Maine 
New Hampshire. 
Connecticut 
Pennsylvania 
West Virginia 
New Jersqr 
Virginia 
South Region 
oioanoma 
Texas 
Arkansas 
Louisiana 
Tennessee 
Mississippi 
Alabama 
North Carolina 
South Carolina 
Georgia 
Florida 
Midwest Region 
North Dakota 
South Dakota 
Nebraska 
Kansas 
Minnesota 
Iowa 
Missouri 
Wisconsin 
Illinois 
Michigan 
Indiana 
West Region 
Washington 
Oregon 
California 
Idaho 
Montana 
Wyoming 
Nevada 
Utah 
Colorado 
Arizona 
New Mexico 
114, 100, 139, 124 
1211, 121, 125 
140, 101, 142, 141 
143, 146 
144 
145 
127, 147 
126 
149 
128, 148 
78, 80, 84 
77, 81, 82, 83, 85, 86, 87, 150 
117, 118, 132, 131, 119 
133, 151 
127, 123 
134 
135, 129, 133 
130, 136, ra, 153 
137, I5Î 
128, I3F 
T5S, 157, 154, 155, 156 
53, 54, 55, 56 
60, 61, 62, 63, 66, 102 
64, 65, 71, 75, 106 
72, 73, 75, 7F, 112, 74, 79 
57, 88, ICrl, 89 
107, 104 
109, 115, 116 
90, 91, 93, 95, 105, 92 
108, 110, 113, 114 
92, 94, 96, 97,TIÏÏ, 99 
111 
1, 3, 9, 7, 6 
2, 8, 10, 23 
4, 5, 21, 22, 17, 18, 14, 16, 15, 20, 19, 31, 30 
U, 12, 13, 25, 43 
44, 46, 52, 58, 59 
34, 32, 33 
24, 27, 26, 29 
28, 47 
48, 49, 45, 51, 67, 69 
39, 40, 41, 35, 38 
37, 36, 42, 70 
No UU's assigned to Maryland, Massachusetts, Rhode Island, and Vermont. 
STATE 
LRA 
U.S. DEPARTMENT OF AGRICULTURE 
Sol% Conservation Service 
Attachment to EVT-2 
Form 1 Dominant Soil, L, S, K, and T Factors by Capability 
Subclasses 
1. Class and 2. Dominant Soil 3. L-Dom. Dom. 5. K Factor : 6. T. Factor 
Subclass Slope Length Slope 
(ft) (%) Tons per acxe per year 
I 
He 
lis 
II* 
11c 
Ille 
Ills ro 
III* 
111c 
IVe 
IVs 
IVw 
IVc 
Ve 
Vw 
Vs 
Vc 
Vie 
VIw 
Vis 
Vic 
Vlle 
Vlls 
VII* 
VIIc 
Vllle 
Villa 
VIII* 
Vlltc 
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Instructions - Data Form 1 
This form is to be used for all LRA's in the Midwest, South, and 
Northeast Regions, and for these LRA's in the Western Region that 
are east of the continental divide and have X and T factors assigned 
to the sloping soils. 
1. Select the capability subclasses that occur in each LRA. 
The most direct method is reference to the CNl printouts, 
Table P, that were sent to the states in July 1970. 
Write N.A. under dominant soil for all subclasses that do 
not occur in LRA. Do not subdivide any subclasses. 
Choose dominant soils on the basis of the full extent of the 
LRA, not just that portion that occurs in the state responsible. 
Some LRA*s are assigned to two or three states. These LRA's 
are underlined in the list of assignments. For these LRA's 
choose the dominant soils only on the basis of that portion of 
the LRA in the assigned state. 
2. Designate a dominant soil mapping unit for each subclass selected. 
This should be done from general knowledge by personnel well 
acquainted with the soils of the state. Published soil surveys 
or CNI printouts by soil series may be helpful in selecting a 
dominant soil if uncertainty exists. Do not choose a series 
on the basis that it represents the median of erodibility or 
productivity of the soils in the subclass, unless that series is 
in fact the dcMuLnant series or among the dominant ones. 
Where the dominant soil mapping unit is a complex or association 
of soil series, list only the dominant series and its dominant phase. 
3. Enter the dominant length of slope, in feet, and the dominant slope 
gradient in per cent for each dominant soil in columns 3 and 4. 
Do not use ranges in either value. These entries should be estimated 
by personnel well acquainted with the soils of the area. If percent 
slope is zero enter N.A. in column 3. For slopes more than 1200 feet 
long, enter >1200 in column 3. 
4. Enter the K and T factors for each domim..ut soil. Ifake single 
entries for T values in column 6 specifically for each dominant soil. 
STATE Form IW, Dominant Soil, L, S, and T Factors USDA - SCS 
. anâ Estimated Tons Soil Lost to Erosion for Attachment to EVT-
LRA Selected Cropping Systems 
l.Capabil- :2.Dominant Soil :3.Dom :4.Dom 
Ity Class: :Slope : % 
and : : Length : Slope 
Subclass : : : 
: : : 
5.T Fac­
tor 
6. Estimate Soil Losses for Selected Cropping Systems 
(ft) (%) Tons per acre per year 
I : : : : : : 
lie : : : : : : 
lis 
Ilw 
lie 
Ille 
Ills 
IIIw 
Illc 
IVe 
IVs 
IVW 
IVc 
Ve 
vw 
Vs 
Vc 
vie 
VIw 
Vis 
Vic 
Vile 
VIIs 
Vllw 
VIIc 
Ville 
VIIIs 
VIIIw 
VIIIc 
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Instructions - Data Form IW 
This form is for use in LRA's in the Western Region west of the 
continental divide where K and T factors have not been developed. 
1. Select the capability subclasses that occur in each LRA. 
The most direct method is reference to the CNl printouts, 
Table P, that were sent to the states in July 1970. 
Write N.A. under dominant soil for all subclasses that do 
not occur in LRA. Do not subdivide any subclasses. 
Choose dominant soils on the basis of the full extent of the 
LRA, not just that portion that occurs in the state responsible. 
Some LRA's are assigned to two or three states. These LRA's 
are underlined in the list of assignments. For these LRA's 
choose the dominant soils only on the basis of that portion of 
the LRA in the assigned state. 
2. Designate a dominant soil mapping unit for each subclass selected. 
This should be done from general knowledge by personnel well 
acquainted with the soils of the state. Published soil surveys 
or CNl printouts by soil series may be helpful in selecting a 
dominant soil if uncertainty exists. Do not choose a series 
on the basis that it represents the median of erodibility or 
productivity of the soils In the subclass, unless that series Is 
in fact the dominant series or among the dominant ones. 
Where the dominant soil mapping unit is a complex or association 
of soil series, list only the dominant series and its dominant phase. 
3. Enter the dominant length of slope, in feet, and the dominant slope 
gradient in percent for each dominant soil in columns 3 and 4. 
Do not use ranges in cither value. These entries should be estimated 
by personnel well acquainted with the soils of the area. If percent 
slope Is zero enter N.A. in column 3. For slopes more than 1200 feet 
long, enter 1200 in column 3. 
4. For each dominant soil, assign a T value representing the 
allowable soil loss due to erosion in tons per acre per year. 
Consider the thickness of the surface horizon and the relative 
loss of productivity that would result from erosion of surface 
horizons. Five tons should be the maximum value. 
5. Select the dominant cropping systems and land uses for the 
LRA and enter in the 6 blank column headings. Where rangeland 
is a dominant use of land In the LRA, entries might include 
• (a) rangeland, poor cover and (b) rangeland, good cover. 
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Instructions - Data Form IW (Cont*d) 
Estimate the average annual soil loss in t/ac/yr that is 
occurring throughout one full cycle of the cropping systems, 
or annually for land uses. These estimates are to be developed 
for each of the dominant soils, except «here it is known that the 
cropping system or land use does not occur or exist for a given 
soil. In this case, enter N.A. in the appropriate block. Choose 
cropping systems that will result in a wide range in soil erosion 
losses, for example: 
Cropping System Estimated Soil Losses 
Example A. 
Example B. 
t/ac/yr 
Wheat-4 yrs fallow 70 
Wheat-1 yr fallow 20 
Wheat-peas 7 
Wheat-continuous 4 
Rangeland, poor cover 8 
Rangeland, good cover 2 
Estimated Soil Losses 
Soil A Soil B Soil C 
Irrigated Row Crop 2 N.A. N.A. 
Irrigated close grown crops 0.5 N.A. N.A. 
Wheat-1 yr fallow 8 N.A. 12 
Rangeland, poor 6 15 12 
Rangeland, good 2 3 3 
Forest N.A. 0.1 N.A. 
Estimated Soil Losses 
Example C. Desert shrubs 
Rangeland, poor 
4 
4 
STATE 
U.S. DEPARTMENT OF AGRICULTUF; 
Soil Conservation Service 
Attachment to EVT-2 
LRA 
Form 2. C Factor Table - Cropland 
No 
Till 
1. Cropping Management 
System 
Conventional Till 
2.Residue 
Removed 
.Residue 
Left 
4. Minimum 
Tillage 
w 
LO 
m 
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Instructions - Form 2 
(hie copy of this form is to be developed for each LRA east of the 
continental divide. 
1. Include in column 1 those cropping management systems used 
most commonly on land in capability classes I-IV in the LRA. 
Do not abbreviate the name of the crop; indicate corn, soybeans, 
etc., instead of rowcrop. At least 5 and no more than 10 
systems should be listed. Be sure to include a range in 
cropping systems from the most intensive to the least intensive 
system commonly used in the LRA for land in classes I-IV. 
2. For each system listed, enter a C factor in each column on 
the form. 
3. For columns 2 through 5, to determine the C factor, choose 
the pounds of residue which is usually left on the surface 
in the LRA for the cropping management system used. 
Note-C factors for kinds of permanent vegetative cover are not 
needed in data being assembled. 
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U.S. DEPARTMENT OF AGRICULTURE 
Soil Conservation Service 
Attachment to EVT-2 
STATE 
LRA 
Form 3. - Change in Yield and Farming Time for Conservation 
Practices and Tillage Methods 
1. Operation 2. Change in 
Farming Time 
3. Change in 
Crop Yield 
(A) Practice 
1. Straight-row 100 100 
2. Contour farming 
3. Stripcropping 
4. Conventional Terraces 
5. Parallel Terraces. 
(B) Tillage 
1. Conventional 100 100 
2. Cr(v Residue Use 
3. Minimum tillage 
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Instructions - Form 3 
Form 3 is to be completed for all LRA's. In those cases where a 
given practice cannot be applied in the UtA due to topography or 
other restraints, for example, parallel terraces on irregular, 
hunsnocky relief, enter N «A • in all columns for that practice. 
For some LRA*s, especially in the western states, all entries 
may be N.A. Form 3 should be completed in all cases, however. 
1. Base levels of 100 for A. Practices and B. Tillage are 
assigned for straight-row practice and conventional 
tillage, as indicated in the table. Conventional tillage 
includes both spring and fall plowing. 
2. Increases in time or yield from practices or tillage are 
to be indicated by assigning numbers larger than 100, 
proportional to the percent increase. Reductions are 
indicated by assigning numbers less than 100. 
Example: If minimum tillage takes 20 percent less time than 
conventional tillage, the value in column 2 for minimum tillage 
would be 60. If it is estimated that yields, using minimum 
tillage, are 5 percent higher than those with conventional 
tillage, enter 105 in column 3. 
Note: The economist may be able to assist in the completion of 
this form. 
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U.S. DEPARTMENT OF AGRICULTURE 
Soil Conservation Service 
Attachment to EVT-2 
State 
ISA 
Form 4. Yield Differential by Capability 
Subclasses 
Class & Dom. 
Soil 
Row CroDS 
i
f
f
 
Hay Pasture Range i
f
f
 
I "iniT- • 100 100 
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Instructions - Form 4 
This form is to be completed for all IRA's. 
1. Include all capability subclasses and dominant soils identified 
for the LRA on table 1. 
2. Write in the names of two or three dominant row crops from 
among those indicated in the cropping management systems in 
Form 2, in the blank column headings under liow Crops." 
3. Set the yield on class I land equal to an index value of 100 
for each row crop and for close-grotm crops, hay, pasture, 
and range. In those UUl's with no class I land, set subclass lie 
(or the highest ranking subclass) yields at the index value 
of 100. Where crop is not grown, enter N.A. 
4. Use the "Predicted Acre Yield under Defined Management 
Levels" from the published soil surveys in the LRA, or similar 
data from other sources vAiere published soil surveys are not 
available, to set index values for remaining classes and sub­
classes. (For consistency use high level management.) 
Example: If the predicted yield of corn on class I is 110 bushels 
per acre and the predicted yield on class He is 95 bushels, the 
index value for lie would be calculated as follows: 
Index = _95 X ]WX) = 86 
rni 
STATE 
LRA 
U.S. DEPARTMENT OF AGRICUl.TURT: 
Soil Conservation Service 
Attachment to EVT-2 
Form 5 - Average Cost - Terraces and Outlets 
1 .Class 
and 
Sub­
class 
.Dominant 
Soil 
.Percent 
Land 
Feasible 
to 
Terrace 
.Acres 
Per 
Mile 
Ter­
race 
.Cost 
Per 
Mile 
Ter­
race 
.Acres 
Water­
way 
Per 
Mile 
Ter­
race 
.Cost 
Per 
Acre 
Water­
way 
.Feet 
Tile 
Outlets 
Per 
Mile 
Ter­
race 
Cost 
Per 
Foot 
Tile 
Outlet 
0,Percent 
Terraces 
with 
Waterway 
Outlet 
1.Percent 
Terraces 
with 
tile 
Outlets 
.2. Percent 
Terraces 
with no 
Outlets 
v/j 
o 
n3 
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Instructions - Form 5 
This form is to be completed for all LRA's. 
1. By class, subclass and dominant soil shown in Form 1, complete 
columns 1 and 2 of Form 5. 
2. Using slope and terrace spacing compute average acres served 
per mile of terrace. 
3. Estimate the percent of land area that is feasible to terrace, 
assuming that none has been terraced. Excluded will be those 
acres that due to topography or other physical reasons are not 
feasible to terrace. 
4. Show average cost per mile of terraces using predominant type 
of terrace being constructed. 
5. Estimate average acres of waterway needed to provide outlets 
per mile of terrace. 
6. Estimate average cost per acre of waterways. 
7. Estimate feet of tile outlets required per mile of terrace, where 
tile outlet terraces are being built. 
8. Estimate average cost per foot of tile outlets installed. 
9. Estimate percent of terraces with waterway outlets. 1/ 
10. Estimate percent of terraces with tile outlets. 1/ 
11. Estimate percent of terraces with no outlets. This is generally 
applicable to level terraces where no outlets required. 1/ 
1/ For columns 10, 11, and 12 use 
" presently being installed. 
percentage based on modern systems 
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Limitations in the Data Assembled by the SCS 
for the ISU Water Quality Project 
1. The data assembled provide n»> spin-llMc inronmU ioii nhmit nut rIcitl s, 
pesticides, dissolved oxygen «nd UloLog;ieal oxyRen ticnmntl, wiUn* 
temperature, pathogens, and other polluliuits whii-li mv iinporlanl 
aspects of water quality. Some of these are related Lo sediiiieni s 
from agricultural land, but no estimates are included on this 
relationship. 
2. No estimates are included of the delivery ratio - that proportion of 
the sediment resulting from sheet and rill erosion that enters surface 
water in streams and lakes. Hie delivery ratio varies substantially 
in different parts of the country. 
3. The dominant soil chosen for each subclass is the most extensive soil. 
Several other soils will occur in the same subclass in a given LRA. 
The length of slope, degree of slope, erodibility, yield differentials, 
and feasibility of terracing will vary among soils in a given subclass. 
The dominant soil was not chosen to be typical in erodibility or other 
qualities for the subclass, but merely on the basis that it is the most 
extensive. Therefore, for subdivisions of the LRA where the soil 
indicated as dominant does not occur, the data in the forms may not 
be appropriate. 
4. Some of the subclasses in Forms 1 and IW represent only irrigated land. 
On forms from the Western Region, an (I) designates such subclasses. 
The Universal Soil Loss Equation is adapted to irrigated land only 
during portions of the year when no irrigating is done. K and C factors 
have not been developed for irrigated land, and the relationship between 
irrigated land and dryland in terms of these factors is not known. 
Water added by irrigation will influence the EI of subsequent rainfall. 
For irrigated subclasses, the K, T, and C factors provided on the forms 
apply to the dryland equivalents of the dominant soil mapping units. 
5. In the states west of the continental divide, K and T values have not 
been assigned to soil series. It was necessary for the states to estimate 
the erosion losses for each subclass under selected cropping systems or 
range conditions. These are gross estimates based on little or no measured 
data for many subclasses, and may be substantially in error. The soil 
losses estimated for irrigated land in the west may represent erosion 
resulting from irrigation practices in addition to that resulting from 
the runoff from precipitation. 
6. The soil loss equation predicts only sheet and rill erosion. Erosion 
from road cuts, gullies, streambanks, construction sites specifically for 
this study, and other sources cannot be predicted from the data assembled 
by SCS. In some watersheds much of the sediment in streams comes from such 
sources. 
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7. Only ;i limited number of cropping systems, the major ones currently 
hcing used, are listed on Form 2 for each LRA. C factors are not 
the same for a given cropping system in all parts of the country. 
Thus when models predict shifting of cropping systems into an LRA, 
where they are not currently used, the data assembled may not provide 
the proper C factors for the new cropping system. 
8. Assumptions made regarding the crop residue on the surface in minimum 
tillage or no till practices may not be uniform between states. We 
have not checked with the states to determine the assumptions made. 
We believe that it is safe to assume that the C factors listed under 
these practices apply to the prevailing method used in each LRA. 
9. The use of diversions to control runoff and erosion is not accounted 
for in the data assembled. In some LRA's where diversions are used 
effectively to control runoff and reduce erosion on some land, no 
entry is made on Forms 3 and 5 for terraces. Only a few states in 
the northeast are in this category. 
10. There is some variation in the use of the yield index of 100. Yield 
index may be lower for Class I land than for some of the Class II land 
for some crops. Some states used 100 consistently for Class I land. 
More productive subclasses were given an index of more than 100. Other 
states gave the most productive subclass a rating of 100, and gave 
Class I land a lower rating. 
11. A yield index of 100 for a given crop designates a wide variation in 
actual yield of that crop, depending on the LRA. For example, an 
index of 100 for corn may be 135 bushels per acre in an LRA in (Xiio, 
but only 70 bushels per acre in an LRA in Kansas. The yield per acre 
in common units for a yield index of 100 is given on Form 4 for each 
crop in each LRA. 
12. Some states have almost an equal number of terraces of different types 
currently being installed. Only the dominant one of these was chosen 
for Table 5. Thus the overall cost of terracing in some LRA's may be 
more or less than indicated by data in Table 5. 
13. No estimates are included for the costs of relocating a crop into an 
area where it is not now produced, or for bringing into cropland areas 
not so used now. These costs vary by kinds of soil. They are substantial 
for some crops on some kinds of soil, and should not be disregarded, 
14. NA has been used on the forms in many places. It means either not 
applicable, or that the practice is not now being used in the LRA. 
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Appendix 4. Determination of the Soil Loss Coefficients 
Gross soil loss represents the average number of tons of 
soil leaving the field over a one year period. This measure­
ment of soil loss does not represent the amount reaching the 
stream or bodies of water as some of the soil particles 
settle out or are diverted as the runoff passes through 
grassed areas or onto flatter terrain, thereby changing the 
waters capacity to transport soil particles. Two separate 
procedures were used to determine the gross soil loss per 
acre. For the areas east of the mountains the "Dniversal 
Soil Loss Equation*' as described by Wischmeier and Smith 
(105) is used to develop the gross soil loss coefficients. 
The soil loss equation is represented by: 
A = RxKxLxSxCxP 
where; 
R is a rainfall erosive factor based on the local area; 
K is a soil erodibility factor for the specific soil 
determined from its erosion under continuous fallow on 
a nine percent slope, 72.5 feet long; 
L is the slope length factor relative to a 72.6 foot 
slope length, 
S is the slope gradient factor relative to a nine per­
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cent slope; 
C is the crop management factor which relates to a par­
ticular crop rotation and tillage practice and 
P is the erosion control practice factor which relates 
to the conservation practice.* 
For details on the factors and on the computational proce­
dures used see Wischmeier and Smith (105) and "Technical 
Release 51" (88). For the areas east of the Rocky Mountains, 
the above variables are defined as the dominate value exis­
ting on each soil class and subclass in the area of report­
ing. The soil loss is then computed by Land Resource Area 
for each feasible combination of crop rotation, conservation 
practice, tillage method and soil class defined from the SCS 
questionnaire (Appendix 3) . 
The soil loss defined above for the relevant of the 29 
major soil classes and subclasses is aggregated using 
weighting functions determined from the National Inventory 
(77) to get soil loss by the nine soil classes. The soil 
loss by cropping management system is weighted to the produ­
cing area from the SCS data area as follows; 
S(i,j,m) = ZSL(i,j,k)A(j,k,n,m)/A(p,j,m) 
n 
iThe data for this equation are obtained from tables in 
wischmeier and Smith (105) and the regional data given for 
the soil classes in the SCS questionnaire (Appendix 3). 
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i  =  1, . t h e  n u m b e r  o f  c r o p  m a n a g e m e n t  s y s t e m s  d e ­
fined in the producing area, 
j = 1, 18 for the soil groups, 
k = 1, ..., 165 for the relevant set of SCS data, 
m = 1, ..., 223 for the producing area, 
n = 1, the number of sets of SCS data included in 
the producing area, 
where: 
S(i,j,m) is the soil loss for crop management system i 
on soil group j in producing area m; 
SL(i, j,k) is the soil loss for crop management system 
i on soil group j consistent with SCS data area 
k; 
A(j,k,n,m) is the acres of tillable soil group j in 
part n of producing area m and is consistent 
with SCS data area k and; 
A ( j,m) is the total tillable acres of soil group j in 
producing area m. 
These coefficients are attached to the appropriate crop pro­
duction activity and reflect the severity of erosion for the 
conditions on which the cropping management system is de­
fined. 
For those agricultural lands in the mountain valleys and 
on the west coast, the data required for the soil loss equa­
tion have not been completely developed and an alternative 
procedure is used to estimate the soil loss from these lands. 
The SCS data questionnaire (Appendix 3) asked for crop man­
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agement systems consistent with the production possibilities 
of the ses data area. The SCS personnel estimated the tons 
of soil loss associated with the crop management system on 
each of the land class and subclasses defined in the SCS data 
area. These estimates are, for purposes of this model, 
treated as if they were developed from the same equation from 
which the estimates in the eastern area are computed. This 
"assumed consistency" allows the soil losses from each SCS 
data area to be treated equally in weighting to the producing 
areas in the model. This capability is required as some pro­
ducing areas overlap the SCS data areas in which the soil 
loss is developed using the eastern procedure and other areas 
which have the soil loss estimated with the western proce­
dure. Each of the activities representing the production of 
irrigated crops is considered to have a soil loss similar to 
the corresponding dryland activities. The assumptions which 
are needed to enable this transformation include good manage­
ment of the irrigation system, a larger quantity of residue 
left from crops receiving irrigation which will help to 
"bind" the soil during the subsequent applications of water, 
and the heavier growth resulting from irrigation increases 
the canopy protection of the soil by the plants reducing 
dislodging during rainfalls. The soil loss coefficients form 
the first of the bank of total coefficients required to com­
pletely define each activity. 
309 
Appendix 5, Development of the Crop Yield Coefficients 
A unique yield is determined for each of the irrigated 
and dryland crops as a function of the producing area, the 
soil class, the crop rotation, the conservation practice and 
the tillage method. The development of the yields progressed 
from a system of state functions capable of projecting to the 
future, a transformation into producing area functions, and 
finally the projected yields adjusted for crop rotation, land 
class and conservation and tillage practice. 
The state projection functions are modifications of the 
functions developed by Stoecker (72) . For a given crop the 
function is of the form: 
Y{t) = Yo(t) + A(1-.8**i(t))*PF(t) 
where: 
y(t) is the estimated average per acre yield in year 
t; 
Yo(t) is the estimated average yield per acre on 
unfertilized land in year t, developed from a 
linear trend function; 
A is the maximum response obtainable from fertiliza­
tion; 
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X (t) is the number of units of fertilizer applied per 
acre in year t; 
PF(t) is the proportion of the acreage receiving fer­
tilizer in year t, developed from a linear trend of 
the proportion of crop acres receiving fertilizer 
and ; 
t is years after 1949. 
The X(t) defined above represents: 
X(t) = PO(t) *(LN(PX/PC) - IN (a) - (LN(-LN .8))/LN .8 
where: 
In is the natural log of base e; 
Px is the weighted price of a unit of fertilizer; 
PC is the price of a unit of crop c; 
PO{t) is a linear estimate of the proportion of the 
optimum rate of fertilizer applied in year (t). 
The last multiplicative factor in the above equation repre­
sents an estimate of the optimum application of fertilizer 
obtained by solving the marginal conditions of a profit 
maximization system. 
The second step in the determination of yields is to 
weight the state functions by the proportion of the acres in 
each producing area and aggregate the producing area parts 
into functions which can predict the yield on a producing 
area basis. The weights are developed from the 1964 Census 
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of Agriculture (95) and are represented by: 
W(i,m,k) = ZA(i,n,j m)/ZA(i,k,m) 
j m 
i = 1, 15 for the crop number, 
j = 1, ...» for the counties in state n, 
k = 1, ...» 233 for the producing areas, 
m= 1, ...» for the producing area part in state n, 
n = 1, 48 for the continental states. 
where: 
W(i,m,k) is the weight for crop i in part n of produ­
cing area k; 
A(i,n,j m) is the acres of crop i in county j of state 
n included in part m of producing area k; 
A(i,k,m) is the acres of crop i in part m of producing 
area k. 
These weights are multiplied by each of the function coeffi­
cients and summed over m for each i and k to give the produ­
cing area yield predition equation. This procedure is used 
to transfer the yield, proportion of acres fertilized and 
proportion of optimal fertilizer applied functions into the 
producing areas. 
The producing area yield is calculated for each crop 
based on the functions developed and the projected levels of 
fertilizer use. If the rotation in which any crop is defined 
includes a legume crop the carry-over nitrogen from these 
sources is included in predicting the yields. The fertilizer 
value of the legume crops will be covered in the fertilizer 
use part of this section of the report. In many instances 
the legumes, especially alfalfa hay, produced more fertilizer 
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equivalent nitrogen than would have been applied commercial­
ly. When this occurred, the fertilizer equivalent nitrogen 
from the legume is used in the yield equation giving a larger 
yield than under trend fertilizer uses. 
The next step in determining the yields for the cropping 
system is to adjust for land class, conservation practice and 
tillage method. The data obtained in the SCS questionnaire 
(Appendix 3) included a set of ratios giving the relative 
land class yields as compared to the most productive land 
class of the area. These ratios are used with the acreages 
by crop type* by land class reported in the National Invento­
ry (77) to develop a set of ratios which relate each land 
class to the producing area average crop yield. These ratios 
are then used to adjust the projected producing area yields 
for land class. 
The conservation and tillage ratios, from the SCS data, 
are used equally on each land class and the yields are 
adjusted for both conservation and tillage effects. For the 
adjustment ratios if data was missing the national average is 
used as a proxy. This substitution is only used where that 
practice or land class exists in the producing area and the 
specific data needed was not included on the SCS data forms 
iCrop types reflect the row crops, close-grown crops 
and hay and pasture as reported in the National Inventory 
(77) . 
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(Appendix 3). These adjustments completed the calculation of 
yields as determined from the response function of the are, 
the land class, the rotation, the conservation practice and 
the tillage method. 
Fertilizer use coefficients for the crops 
The fertilizer coefficients developed from the functions 
were independent of the land class, the conservation practice 
or the tillage method. The functions developed by Stoecker 
(72) provided the basis for determining the level of nitrogen 
supplementation required. The level of commercial fertiliza­
tion required to meet the projected yields were determined by 
taking the optimum level of fertilizer use as determined from 
the function and subtracting the amount provided by the 
legumes, if any, in the rotation. The Legume nitrogen data 
was developed from results reported in agronomy publications 
(40, 51, 6U, 66) and through consultation with William 
Shrader.i An estimate of a function was developed which re­
lated nitrogen fertilizer equivalent carry-over of the legume 
as a function of the yield of the Icyuae. Galy those legumes 
which offer the potential of high nitrogen production are in­
cluded when developing the function. This selectivity al­
lowed for the switch to equal yielding but higher management 
iprofessor of Agronomy, Iowa State University, Ames, 
Iowa. 
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legume varieties in order to harvest the carry-over nitrogen. 
The legume hays provided carry-over for a two year period 
after a good yielding stand and functions relate the first 
and second year production of nitrogen. The first year func­
tion is 
N1 = 50.0 * Y -5.0Y*»2 + 0.2Y**3 
and the second year function is 
N2 = 81.5 - (81.5) .8**Y 
where N1 and N2 are the pounds of nitrogen supplied by the 
legume for the crop following the first and second year after 
plowing, respectively, and Y represents the annual yield in 
tons of dry weight hay equivalent of the legume hay during 
the years it is harvested. The effect of legumes does not 
include a green manuring response but rather only the re­
sponse coming after a legume hay crop. This type of rela­
tionship allows for the utilization of the roughage for feed 
and also the nitrogen carry-over. 
A similar functional relationship has been developed for 
nitrogen carry-over from soybeans. Shrader and Voss (65) has 
shown that soybeans provide approximately one pound of nitro­
gen equivalent per bushel of soybeans yield as a carry-over 
for the crop during the following year. After adjusting the 
fertilizer use, determined by optimizing the production rela­
tionships, for the amount supplied by the previous years 
legume crop, the nitrogen coefficient for the cropping man­
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agement system is determined. 
The sources of supply for the nitrogen requirement is 
determined endogenously in the nitrogen sector of the model. 
The nitrogen can be obtained from purchase of commercial ni­
trogen fertilizer or through the use of livestock wastes. 
The non-nitrogen fertilizer required to satisfy the calcula­
ted optimum application rate is purchased and the costs are 
included in with the rest of the production costs to give the 
exogenous variable costs of production for the system. 
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Appendix 6. Development of the Crop Management 
System Costs 
The source of the basic data used in determining the 
costs of production is Eyvindson (20). The machinery, labor, 
pesticide, non-nitrogen fertilizer and miscellaneous costs of 
Eyvindson are weighted to the 223 producing areas for each of 
the 11 endogenous crops* using county acreages as the weights 
and the following relationship: 
C(i,j,k) = Z C(i,j,m) » A (j,m)/A (j,k) 
me k 
i = 1, 5, for machinery, labor, pesticides, fer­
tilizer and miscellaneous costs, 
j = 1, 11 for the endogenous crops, 
k = 1, ..., number of counties in producing area k, 
where : 
Cijk is the cost i for crop j in producing area k; 
C(i,j,m) is the cost i for crop j in county m ; 
Ajm is the acres of crop j in county m; 
A(j,k) is the acres of crop j in producing area k. 
Each county in one of Eyvindson*s regions is assumed to have 
" iThe endogenous crops are barley, corn, corn silage, 
cotton, nonlegume hay, legume hay, oats, sorghum, sorghum 
silage, soybeans and wheat. 
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the costs of that region. The acreages used as the weights 
are from the Census of Agriculture (95). Labor costs were 
adjusted to account for the increases in technology as out­
lined in Agricultural Water Demands (29). Each cost is then 
projected to 2000 using the assumption of constant per unit 
costs. 
Adjustments for conservation practice and tillage method 
are determined from the SCS data (Appendix 3) . A base of 
straight row cropping is used for conservation practices and 
adjustments are made in machinery and lab r efficiency for 
contouring, strip cropping and terracing. Similarly, adjust­
ments are made for the tillage practices where conventional 
tillage with no residue management serves as the base. The 
variations included conventional tillage with residue manage­
ment and reduced tillage. 
A further adjustment is made for reduced tillage opera­
tions to reflect the tradeoff between tillage operations and 
the use of herbicides for weed control. In areas which are 
not moisture deficient,* Figure 19, a direct tradeoff has 
been determined with the saving in machinery cost being 
equally offset by increased herbicide costs (7, 19, 46, 60). 
In arid areas the adjustment consisted of a $3.00 increase in 
I Being moisture deficient indicates an excess of poten­
tial évapotranspiration over precipitation. 
Figure 19. Moisture deficient areas of the nation 
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herbicide costs for each $1 reduction in nonherbicide costs 
(63). This is consistent with the extensive farming methods 
used resulting in a much reduced weed problem. 
The costs reflect regional average costs of production 
and a response to summer fallow is required for those crops 
normally grown in a summer fallow rotation. From the Select­
ed U.S. Crop Budgets (86, 87) a relative use of fertilizer 
and herbicides was obtained for the plains area where summer 
fallowing is common (Figure 20). The adjustments reflected a 
4 percent reduction in pesticide after summer fallow and an 
increase of 50 percent if summer fallow is not pact of the 
rotation. The wide variation in the adjustments results from 
the average being close to the after summer fallow data as a 
result of the large percent of all acres in a summer fallow 
rotation. A similar adjustment is made for fertilizer use 
with crops in summer fallow rotations receiving .92 of the 
average and continuous cropping sequences receiving 1=18 
times the average. 
Summer fallowing costs are treated as a separate "crop" 
in the area. The relationship is developed by comparing the 
crop rotations in the Selected U.S. Crop Budgets (86, 87) 
which include summer fallow to those which are continuous. 
In this way an estimate of summer fallow costs is obtained 
and a ratio of summer fallow cost to crop cost is developed. 
The summer fallow costs in the model are calculated from the 
Figure 20. summer fallow areas of the nation 
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determined crop costs and the developed ratios. 
A final cost adjustment is made to reflect the terracing 
costs for those cropping systems defined to include 
terracing. The SCS data provided estimates of the coeffi­
cients required to calculate construction costs for terraces. 
The data is provided only for those classes on which 
terracing is a feasible alternative and other lands do not 
have terracing as one of their alternate conservation prac­
tices. The average terracing cost per acre is calculated as; 
TC(i) = .1 (CC(i) + PW(i)W(i) + PT(i)T(i) PLT(i) ) 
i = 1, 9 for the land classes, 
where: 
TC{i) is the per cultivated acre terracing costs on 
land class i; 
CC(i) is the per acre construction cost of terraces on 
land class i; 
PH(i) is the proportion of acres of land class i 
terraced having grassed waterways for drainage; 
H(i) is the cost per terraced acre for grassed water­
ways consistent with the terraces on land class i; 
PT(i) is the proportion of acres of land class i 
terraced having tiled outlets for drainage; 
T(i) is the cost per terraced acre of tiling and 
drainage consistent with the terraces on land class 
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i; 
PLT(i) is the the proportion of all land in class i 
which is feasible to terrace; 
.1 is the factor to adjust for a 10 year amortized 
life of the terrace.i 
From the many cost components the final production cost is 
determined for each cropping management system as: 
C(i,j,k) = Z(H(i,j,m) +L(i,j,m) + P(i,i,m) 
m 
+ F(i,j,o) + MS(i,j,m)) R(i,j,m)) f TC(j,k) 
i = 1f the number of crop management systems in 
the producing area-, 
j = 1, .../ 223 for the producing areas, 
k = 1, ..., 18 for the land classes, 1, ..., 9 dry­
land, and 10, 18 irrigated, 
m = 1, the number of crops in the cropping system, 
where: 
C(i,j,k) is the cost per acre for crop management sys­
tem i in producing area j on land class k; 
H(i,j,m) is the the projected per acre machine cost 
for crop m in crop system i in producing area j; 
L(i,j,m) is the the projected per acre labor cost for 
crop m in cropping system i in producing area j; 
is the the projected per acre pesticide cost 
lA 10-year amortized life for terraces represents a 
tradeoff with a longer amortization period and inclusion of 
repair and maintenance costs. 
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for crop m in cropping system i in producing area 
j; 
F(i,j,m) is the projected per acre non-nitrogen fer­
tilizer cost for crop m in cropping system i in 
producing area j; 
MS(i,i,m) is the projected per acre other costs for 
crop m in cropping system i in producing area j; 
R(i,j,m) is the rotation weight for crop m in cr'opping 
system i in producing area j; 
TC(j,k) is the precultivated acre terracing costs on 
land class k in producing area j. 
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Appendix 7, Determination of the Land Base 
The land base represents the major constraint on the 
productive capacity of the system. The number of acres of 
dryland and irrigated cropland for use by the endogenous 
crops,1 nonrotation hays and nonrotation pastures are deter­
mined by aggregating the county acreages as determined from 
the National Inventory (77). 
Land_^se_for_the_endogenous_cro£s 
The National Inventory (77) reports the acres of 18 land 
uses in each of the 29 class-subclass categories classified 
according to the severity of different conservation hazards. 
The major classes are from one through eight and the 
subclasses defined within each of the major classes, except 
one, reflect four conservation hazards. The hazards include 
erosion, subsoil exposure, drainage problems, and climatic 
restrictions preventing normal crop production. Class one 
lands have no subclass designations and the acres in this 
category reflect no hazards under normal cultivation prac-
iThe endogenous crops include barley, corn, corn 
silage, cotton, legume hay, nonlegume hay, oats, sorghum, 
sorghum silage, soybeans, sugar beets and wheat. 
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tices. 
The county data reported in the National Inventory (77) 
are aggregated to the producing areas and the 29 class-
subclass groups defined for dryland and irrigated are 
aggregated to given nine land groups which exhibit a range in 
erosion hazard, yield and farming alternatives. The land 
base used for the endogenous dryland or irrigated crops rep­
resents the sum of the lands in the component land classes of 
/ 
the National Inventory (77) designated as being used for row 
crops, close-grown crops, summer fallow, rotation hay and 
pasture, land in conservation base and land used for fruits 
and vegetables with an adjustment for the land used for the 
exogenous crops as described later. 
Projected increases in irrigated lands in the Western 
United States are added to the irrigated acreages in each of 
the relevant producing areas. Only those irrigation projects 
which have been approved for construction before 1980 are 
considered. A more detailed discussion on the location of 
these projects and the procedure used is given in Agricultur-
al_Water_DemaMs (29) . 
Acreage available for the noncultivated havs and pastures 
The noncultivated land base is divided into three land 
use categories based on the acreages from the National Inven­
tory (77). Dryland nonrotation pasture and rangeland from the 
National Inventory are combined into an upper bound for the 
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improved or managed pasture activity by producing area. The 
yields and costs for these activities are obtained from the 
"pasture on farms" activities as described in Agricultural 
Water Demands (29). A similar procedure gives the activities 
for the irrigated improved pasture. 
Bounded activities are also defined for dryland and ir­
rigated non-rotation hay. These acres represent wild hay and 
other hayland which is continuous except for infrequent in­
terruptions to re-establish a stand. The cost and yield co­
efficients for these activities are determined by weighting 
together the respective "wild hay" and "improved hay" activi­
ty coefficients from Agricultural Water Demands (29). A 
final set of bounded activities is defined, on dryland only, 
to represent the grazing of forest and bush lands. Coeffi­
cients for this set of activities are determined from the 
"pasture not on farms" activities described in Agricultural 
Water Demands (29). 

